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Owing to the Incompletely f i l l e d f -o rb i t a l s lanthanides 
exhibit very in t e res t ing chemical proper t ies . Since 4f-orbi ta l8 
in lanthanides are too far inside t o be influenced by the 
coordinating l igands, i t i s d i f f i c u l t for then to be involved 
in coordination. However, they have the inherent tendency to 
expand the i r coordination number around them. Moreover, the 
lanthanides show toxic behaviour towards animals and man. In 
aqueous solut ion the coordination s i t e s of lanthanides are 
occupied by water molecules and only the strong ligands can 
coordinate with them. In addit ion, they act as an t i blood 
coagiulants. They accumulate mainly in l i v e r and are eliminated 
very slowly. 
Nitrogen and sulphur containing ligands are known to 
have toxic effect . Their tox ic i ty increases on cooplexation 
with lanthanide metals. In view of t h i s an attempt has been 
made to synthesize and character ise a var ie ty of such complexes 
in order to study the nature and r e l a t i v e toxicological behaviour 
of such ligands and t h e i r lanthanide complexes towards insec ts . 
Lanthanide chelates (1M:3L) of the Schiff bases derived 
from the condensation of sulphapyridine with salicylaldehyde 
(SB I ) and sulphamerazine with salicylaldehyde (SB I I ) and 
N.N-dimethylaminobenzaldehyde (SB I I I ) have been synthesized. 
However, Schiff base obtained froo sulphapyridlne and N,N-
dltnethylaminobenzaldehyde did not yield s table complexes with 
L a ( I I l ) , Ce( I I l ) , P r ( I I l ) , Nd(II l ) , Gd(I I l ) . Py ( I I l ) , Ho(III) 
and E r ( I I l ) . Being hard acids, lanthanides prefer to coordi-
nate with hard bases such as oxygen containing ligands than 
those of the l igands containing nitrogen donor s i t e s , Ihe 
H NMR- and IR- spect ra l data indicate the coordination of 
the metal through phenolic oxygen and azooethlne nitrogen of 
SB I and I I along with two water molecules rendering the metals 
eight coordinated. In the case of SB I I , the lanthanides have 
been observed to coordinate through imlno- and pyrldyl-ni t rogens. 
Presence of three molecules of water suggests tha t the 
lanthanlde chelates of SB I I I are also eight coordinated. 
New Schiff bases namely, b l s -barb l tu r lc ac ld-1 , 
3-dlamlnopropane ( I ) and b l8-5 ,5-d le thylbarbi tur ic ac ld -1 , 
3-diamlnopropane(II) have been synthesized. Since the reaction 
of ( I ) proceeds only at pH - 6.0 — 6.5» I t was maintained by 
adding requisite volvune of perchloric acid* The chelates formed 
In 1:1 (MJL) r a t i o have been found to coordinate through two 
C-N and two NH nitrogens with the replacement of Imlno proton 
by the metal. Two molecules of water are bonded to each 
chelate maintaining coordination number seven. A sharp band 
at around 1070 cm"" In the IR spectra of b l s -barb l tu r lc ac id-1 , 
3-dlamlnopropane complexes indicated the presence of t e t r a -
hedral perchlorate ion. Since the complexes are Insoluble, 
t h e i r molar conductance could not be measured which would have 
- 11 -
confirmed the nature of the perchlorate Ion* 
Solution study of the chelates of above two ser ies 
has been made potent iometr ical ly at 25», 30* and 35*C at 
0,1M ionic strength maintaining the t o t a l volume at 50 ml 
by adding calculated volume of water. The s t a b i l i t y constants 
of the chelates follow the order La( I I l ) < Ce(I I l ) < P r ( I I l ) < 
Nd(III) < Gd(III) < DyiUI) < Ho(III) < E r ( I I I ) . I t seems 
t h a t the log K i s inversely proportional to ionic r a d i i of 
lanthanide ions. A plot of log K versus e / r shows r o u ^ l y 
a l i nea r re la t ionship suggesting ionic character for the 
metal-ligand bond in solut ion. The negative value of free 
energy (-AG) shows tha t the formation of the complexes i s 
thermodynaraically favourable. I t has also been found tha t 
the s t a b i l i t y of the complexes decreases with the increase 
in temperature. 
As a par t of t h i s project mixed-ligand complexes of 
lanthanides with cyclopentanone thiazol idine-4-one, th iobarb i -
t u r i c a c i d ( l ) ; cyclohexanone thiazol idine-4-one, barbi tur ic 
ac id ( I I ) have been studied. Lanthanides yielded complexes of 
the type LML'C1.3H20, vAiere L • cyclopentanone th iazo l id ine-4-
ones and L' • barbi tur ic acids. Coordination occurs a f t e r 
deprotonation of the ligands which has been ascertained by 
analy t ica l and infrared spectral data. Carbonyl oxygen and 
imino nitrogen of both thiazolidine-A-ones and barb i tur ic acids 
- i l l -
together with three molecules of water are bonded to lanthanide 
rendering them eight coordinated. 
Insec t i c ida l inves t iga t ions of the l igands and the ir 
complexes ( in chapter IV and V) have been made against 
cockroaches. The per cent mortal i ty has been evaluated in 
terras of probit . From the LDCA ^"^ ^^s been observed that 
the t o x i c i t y of the l igands increases a f ter che lat ion with 
lanthanides. 
As an extension of t h i s work novel metal complexes 
have been exploi ted as l igands in order to study the ir 
che la t ing behaviour towards lanthanide ions . These mult i -
dentate l igands were synthesised in two steps: ( i ) Synthesis 
of b i s (1,3-diaminopropane) M(Il) chloride (M - Cu^ *^  or Zn**) 
and ( i i ) subsequent synthes is of t e t r a k i s (Sal icylaldehyde) 
b i s (1,3-diaminopropane) M(Il) chloride. This l lgand may a lso 
be synthesized v ia a di f ferent route. When Schi f f base 
derived from 1,3-diaminopropane and sal icylaldehyde was 
treated with Cu(II) , i t did not Jiield the desired l lgand. 
Since the Cu(Il) i s bonded to phenolic C-0 and the azomethine 
nitrogen atom they are not avai lable for further coordination 
with lanthanides, A comparison of the spectra of the metal 
containing l igands with those of t h e i r chelates indicated 
that coordination of the lanthanides occurs by the replacement 
of phenolic proton by the metal preceeded by the formation of 
1 antl-janide-oxygen bond. 
- i v . 
Visible spectra of a l l chelates have been analysed 
and nephelauxetlc r a t i o (3) , nephelauxetic effect (1-3) , 
1/2 bonding parameter (b ' ) and Sinha covalency paraineter(6) 
were evaluated. The pos i t ive values of these bonding 
parameters indicated tha t the complexes are covalent. The 
conductivity measurements of soluble complexes showed tha t 
sulphadrug Schiff base complexes are covalent v*iile the 
chelates of metal containing l igands are ionic in nature. 
The magnetic moment measurements have shown tha t the 
f -o rb i t a l s of lanthanide do not pa r t i c ipa t e in bond formation 
2 6 
as they are shielded by 5^ 6p l e v e l s . 
From the above studies i t has been concluded that the 
lanthanides form covalent bond with the ligands and the 
absorption originsting within f-f o r b i t a l s i s grea t ly influen-
ced by the approaching l igands. Moreover, the f -o rb i t a l s 
find d i f f i cu l t to be involved in coordination. Though the 
lanthanide ( I I I ) s a l t s are hygroscopic, t he i r chelates are 
a i r s t ab le and non-hygroscopic. However, the s t a b i l i t y of 
the chelates increases with the increase in atonic number 
of lanthanides as a r e s u l t of lanthanide contract ion. 
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A B S T R A C T 
A B S T R A C T 
Owing to the incompletely f i l l e d f -o rb i t a l s lanthanides 
exhibi t very i n t e r e s t i ng chemical p roper t i e s . Since 4 f -o rb i t a l s 
in lanthanides are too far inside t o be influenced by the 
coordinating l igands , i t i s d i f f i c u l t for them to be involved 
in coordination. However, they have the inherent tendency t o 
expand the i r coordination number around them. Moreover, the 
lanthanides show toxic behaviour towards animals and man. In 
aqueous solut ion the coordination s i t e s of lanthanides are 
occupied by water molecules and only the strong ligands can 
coordinate with them. In addit ion, they act as an t i blood 
coagulants. Ihey accumulate mainly in l i v e r and are eliminated 
very slowly. 
Nitrogen and sulphur containing l igands are known to 
have toxic effect . Their tox ic i ty increases on complexation 
with lanthanide metals. In view of t h i s an attempt has been 
made to synthesize and character ise a var ie ty of such complexes 
in order to study the nature and r e l a t i v e toxicologica l behaviour 
of such ligands and t h e i r lanthanide complexes towards insec t s . 
Lanthanide chelates ( 1M;3L) of the Schiff bases derived 
from the condensation of sulphapyridine with salicylaldehyde 
(SB I ) and sulphamerazine with salicylaldehyde (SB I I ) and 
N,N-dimethylaminobenzaldehyde (SB I I I ) have been synthesized. 
However, Schlff base obtained from sulphapyridine and N,N-
dimethylaminobenzaldehyde did not yield stable complexes with 
La(IIl), Ce(IIl), Pr(IIl), Nd(IIl), Gd(IIl), Py(IIl), Ho(III) 
and Er(IIl). Being hard acids, lanthanides prefer to coordi-
nate with hard bases such as oxygen containing ligands than 
those of the ligands containing nitrogen donor sites. The 
1 
H NMR- and IR- spect ra l data indica te the coordination of 
the metal through phenolic oxygen and azomethine nitrogen of 
SB I and I I along with two water molecules rendering the metals 
e ight coordinated. In the case of SB I I , the lanthanides have 
been observed to coordinate through imino- and pyridyl-ni t rogens, 
Presence of three molecules of water suggests tha t the 
lanthanide chelates of SB I I I are also eight coordinated. 
New Schiff bases namely, b i s -ba rb i tu r i c ac id -1 , 
3-diaminopropane ( I ) and b i s -5 ,5 -d ie thy lba rb i tu r i c ac id -1 , 
3-diaminopropane(lI) have been synthesized. Since the react ion 
of ( I ) proceeds only a t pH » 5.0 — 6 .5 , i t was maintained by 
adding requlaite volume of perchlor ic acid. The chelates formed 
in 1:1 (M:L) r a t i o have been found to coordinate through two 
C»N and two NH nitrogens with the replacement of imino proton 
by the metal. Two molecules of water are bonded to each 
chelate maintaining coordination number seven. A sharp band 
a t around IO7O cm in the IR spectra of b i s -ba rb i tu r i c ac id-1 , 
3-diaminopropane complexes indicated the presence of t e t r a -
hedral perchlorate ion. Since the complexes are insoluble , 
t h e i r molar conductance could not be measured which would have 
- i i 
confirmed the nature of the perchlorate ion. 
Solution study of the chelates of above two se r ies 
has been made potent iometr ical ly at 25®, 30« and 35*C a t 
0.1M ionic strength maintaining the t o t a l volume at 50 ml 
by adding calculated volume of water. The s t a b i l i t y constants 
of the chelates follow the order La( I I l ) < Ce( I I l ) < P r ( I I I ) < 
Nd(II l ) < Gd(III) < Dy(III) < Ho(III) < E r ( I I l ) . I t seems 
t h a t the log K i s inversely proport ional to ionic r a d i i of 
lanthanide ions. A p lo t of log K versus e / r shows r o u ^ l y 
a l i n e a r re la t ionship suggesting ionic character for the 
metal-l igand bond in solut ion. The negative value of free 
energy .(-AG) shows tha t the formation of the complexes i s 
therroodynamically favourable. I t has also been found tha t 
the s t a b i l i t y of the complexes decreases with the increase 
in temperature. 
As a par t of t h i s project mixed-ligand complexes of 
lanthanides with cyclopentanone th iazol id ine-4-one, th ioba rb i -
t u r i c a c i d ( l ) ; cyclohexanone th iazol id ine-4-one, ba rb i tu r i c 
ac id ( I I ) have been studied. Lanthanides yielded complexes of 
the type LML*C1.3H20, v*iere L «. cyclopentanone th i azo l id ine -4 -
ones and L* *= barb i tur ic acids. Coordination occurs a f t e r 
deprotonation of the ligands which has been ascertained by 
ana ly t ica l and infrared spectra l data, Carbonyl oxygen and 
imino nitrogen of both thiazolidine-A-ones and ba rb i tu r i c acids 
- i i i -
together with three molecules of water are bonded to lanthanlde 
rendering them eight coordinated. 
Insec t ic ida l inves t iga t ions of the ligands and t h e i r 
complexes (in chapter IV and V) have been made against 
cockroaches. The per cent morta l i ty has been evaluated in 
terras of probi t . From the LDCQ i't has been observed t h a t 
the tox ic i ty of the ligands increases a f t e r chelat ion with 
lanthanides. 
As an extension of t h i s work novel metal complexes 
have been exploited as l igands in order to study t h e i r 
chelat ing behaviour towards lanthanide ions. These mul t i -
dentate ligands were synthesised in two steps? ( i ) Synthesis 
of b is (1,3-diaminopropane) M(II) chloride (M = Cu or Zn**) 
and ( i i ) subsequent synthesis of t e t r a k i s (Salicylaldehyde) 
b is (1,3-diaminopropane) M(II) chlor ide. This l igand may also 
be synthesized via a different rou te . When Schiff base 
derived from 1,3-diaminopropane and salicylaldehyde was 
t r ea ted with Cu( I l ) , i t did not 'J i ie ld the desired l igand. 
Since the Cu(Il) i s bonded to phenolic C-0 and the azomethine 
nitrogen atom they are not avai lable for fur ther coordination 
with lanthanides. A comparison of the spectra of the metal 
containing ligands with those of t h e i r chelates indicated 
tha t coordination of the lanthanides occurs by the replacement 
of phenolic proton by the metal preceeded by the formation of 
lanthanide-oxygen bond. 
- iv _ 
Visible spectra of a l l chelates have been analysed 
and nephelauxetic r a t i o (0) , nephelauxetic effect (1-$) , 
1/2 bonding parameter (b ) and Sinha covalency parameter(6) 
were evaluated. The pos i t ive values of these bonding 
parameters indicated tha t the complexes are covalent. The 
conductivity measurements of soluble complexes showed tha t 
sulphadrug Schiff base complexes are covalent vrtiile the 
chelates of metal containing l igands are ionic in nature . 
The magnetic moment measurements have shown tha t the 
f -o rb i t a l s of lanthanide do not p a r t i c i p a t e in bond fonnation 
2 6 
as they are shielded by 5s 6p l e v e l s . 
From the above s tudies i t has been concluded tha t the 
lanthanides form covalent bond with the ligands and the 
absorption origitiating within f-f o r b i t a l s i s greatly, Iftfluen-
ced by the approaching l igands. Moreover, the f -o rb i t a l s 
find d i f f i c u l t to be involved in coordination. Though the 
lanthanide ( I I I ) s a l t s are hygroscopic, t he i r chelates are 
a i r s t ab le and non-hygroscopic. However, the s t a b i l i t y of 
the chelates increases with the increase in atomic number 
of lanthanides as a r e s u l t of lanthanide contract ion. 
- V -
CHAPTER I 
I N T R O D U C T I O N 
INTRODUCTION 
Since 4f-orbitals in lanthanides are too far inside 
to be influenced by the ligands, it is difficult for them 
to be involved in coordination. However, a wide range of 
coordination number from three to twelve, with the 
exception of five has been reported for the lanthanides . 
It has been shown in a variety of cases ~ that they have 
the tendency to expand their coordination number greater 
than six. Most stable and common of lanthanide chelates 
are those with oxygen containing ligands such as 
rLa(H20)^EDTA)].3H20. In all these chelates the coordi-
nation number of lanthanide exceeds six. 
The chemistry of lanthanides with 3-diketonate has 
been extensively studied . These chelates are either 
hydrated or solvated species like, rLa(acac),].C2HcOH.3H2O. 
Besides, studies of mixed-ligand complexes of lanthanide 
with 0-diketonates and heterocyclic amine have also been 
made . The complexes with polyoxo ligands like 
17 IR 
polyphosphates and mixed phosphorylcarbonyl species 
have also been reported. For a quite long time study of 
lanthanide alkoxides has been a favourite subject of 
research. Numerous alkoxides were synthesized using 
19-25 
alcohols or alkali metal alkoxides -^  -^. 
Ln + 3R0H —^^—^ Ln(OR)^ + 3/2 H2 
NH, 
LnCl^+ 3R0H ^ > Ln(OR)^ + 3NH^C1 
C H 
LnCl^+3(M0R) — — ^ Ln(OR)^ + 3MC1 
where, Ln » l a n t h a n i d e ( I I I ) ion and M » Na or K. 
Formation of l an than ide g l y c o l a t e from an aqueous 
s o l u t i o n has been i n d i c a t e d a l though i t could n o t be 
i s o l a t e d owing t o t h e s t rong compet i t ion with water 
molecules . However, the g l y c o l a t e s were i s o l a t e d 
us ing l a n t h a n i d e isopropoxides as s t a r t i n g m a t e r i a l and 
g lyco l s i n d i f f e r e n t molar r a t i o s . The g lyco l s used were 
e t h a n e - 1 , 2 - d i o l , b u t a n e - 2 , 3 - d i o l , 2 ,3-dimethyl bu tane-2 , 
3 - d i o l ( p i n a c o l ) and 2-methyl p e n t a n e d i o l . The r e a c t i o n s 
were be l ieved t o fol low the path given below. 
Ln(OPr^)j + ^ G — 2 _ 2 — ^ (Pr^O) Ln :;^ ^ ^ * ^^^ ^^ 
HO, ,0 
2Ln(OPr^),+3 G ^ ^ ) Ln^C ^ ^ ^ G ) , + 6Pr^0H 
HO 
i \ '6"6 / ° \ . / V 
LnCOPr-')^* 2 G ^ ^ G ^ L n " ^ G+3Pr^0H 
H 
26 Yamada et a l , have claimed to obtain lanthanide 
t r i s s a l i cy l a ld imina t e by reacting LnCl,.3H2O with s a l i c y i a l -
diamine. Lanthanide chelates with bidentate l igands l i k e 
2-hydroxy-1-naphthylidene-n-butylamine, 2-hydroxy-1-naphthyl-
idene an i l i ne , 1,1,1-trifluoro-2,4-pentanedione-n-propylamine 
and 1,1,1-trifluoro-2,4-pentanedione-n-butylamine have been 
reported. Complexes of the composition LnLpCOH)^  have also 
been reported (where LH=acetoacetatoluidide). 
Recently, lanthanide chelates of the general formula, 
28 Ln(HL)2Cl,.nH20 have been prepared and characterized(Fig. I) 
CI3 . 3H2O 
Fig. 1 
4 
Lanthanide chelates with cyclopentadiene having the formula, 
CppLnCacac) and CpLn(acac)p (where, Cp = cyclopentadienyl, 
Ln « Nd, Sm, Gd, Dy, ErJ Hacac = acetylacetone) have also 
been iso la ted and characterized by Zhongwen et a l . 
Lanthanide perchlorate complexes of the type 
[Ln(P-TS0)g](C10^), (where Ln=La-Lu, P-TSO « di-p-methyl phenyl 
sulphoxide) were synthesized and characterised by chemical-
and thermalanalysis , magnetic moment, molar conductance and 
molecular weight determination . The IR spectrum of the 
coordinated water molecule has also been discussed in de t a i l . 
Thermal decomposition of these complexes in a stream of a i r 
has led to the formation of pure lanthanide oxysulphate at 
900'C. Complexes of lanthanide perchlorate with 4-N-(2 ' -
hydroxy-1'-naphthylidene) aminoantipyrine have been reported 
31 by Radhakrishnan • The metals in these complexes have been 
assigned coordination number seven on the basis of the 
hypersensit ive '^n/2 ^ "^5/2' ^ / 2 "transition of Nd(III) 
complexes. Similar complexes of lan thanide( I I I ) n i t r a t e with 
4N-(2'-hydroxybenzylidene)-aminoantipyridine have also been 
32 
reported by them . Other lanthanide chelates containing 
perchlorate group have been i so la ted and characterised by 
33-36 several workers^-^-^ . 
Lanthanide(lII) chelates of iminoacetic acid, phthalic 
37 acid, malonic acid , cyclohexane diaminotetraacet ic acid, 
8-hydroxy quinoline-5-sulphonic acid , sa l icyloyl hydrazide, 
an thran l l ic acid , aminobenzylldene and benzidine have 
been characterised by IH-f UV-VIS-spectroscopy and magnetic 
moment measurements. In addit ion, lanthanide complexes with 
N-acetylacetonylidene or thoni l ic acid have been synthesised 
and t h e i r s t ruc ture(Fig .2) has been proposed on the basis of 
IR spectra l data and mpgnetic moment measurement. 
Fig. 2 
The stability constants determined for these complexes follow 
the order La < Ce < Pr < Nd < Sm < Gd < Tb < Dy < Ho. 
Complexes containing lant-hantde-nitrogen bonds to 
bulky dialkylamido group r (iv!e,Si)2N] have been well charac-
42 
terised . It has been shown that compounds containing 
nitrogen donor sites have higher coordination number than 
those with oxygen donors, for pxamole, La(en) ,Ci rLa(en)^ CF^^So^l/ 
2 + fLaL(CF,SO,)]* and fYbL(CF,SO^)] (where, L= a macrocyclic 
octaamine) have coordination number 9,9,10 and 9 respectively^, 
Cyclopentadienyl complexes of lanthanide have been 
reported by Wilkinson in 1956. A very useful lanthanide 
organometallic compound with cyclopentadienylCCppLnCl), species 
and its derivatives have been synthesised by the following 
reactions: 
LnCl, + 2NaCp > Cp2LnCl + 2NaCl 
2Cp Ln + LnCl, ^ 3Cp2^ '-'-'-
Cp,Ln has , on t h e o t h e r hand, been prepared by t h e r e a c t i o n -
LnCl^ + 3NaCp ^ Cp,Ln + 3NaCl 
Some of t h e cyc lopentad ienyl complexes of l an than ides 
have been desc r ibed t o be very good s t a r t i n g m a t e r i a l for 
Ac: 
t h e s y n t h e s i s of compounds shown i n the fol lowing r e a c t i o n . 
(C^Me^)2Sra(THF)2 + (NO, N2O, C2H^N0 e t c . ) •) f (C^Me5)2Sra]26 
(C5Me5)2Sm(THF)2 + HO^  <( ^ > (C^Me^)^SmiO--(K )) ) 
It has been recognised that combination of bulky CcMec-
group with small lanthanide ion (such as Lu) has unique 
7 
.46 p o t e n t i a l i t i e s . This has been i l l u s t r a t e d by the fol lowing 
r e a c t i o n of {CJ^ea)2^^^ (where, Z » CH, or H): 
(C5Me5)2LuZ + \ \ / ) •^ ic^y[e^)2Lyi—(. z)*'^ 
(C5Me5)2Lu <( )) + (C5Me5)2LuZ > (C5Me5)2Lu/ V 
-Lu(C^Me5)2 + ZH 
Some other structurally and chemically interesting hydrido-
derivatives of lanthanides with d-Hc and CcMec have been 
5 5 5 5 47 
r epo r t ed by Evans et a l . The hydrido compounds, as shown 
below(Fig. 3 ) , a re very r e a c t i v e and often show a c t i v i t y as 
hydrogenat ion c a t a l y s t s . Cp ^p 
CD T H F 
Cp, 
CP-
H 
Ln 
Ln 
H 
Ln 
Cp 
'Cp 
Fig. 3 
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48 West et a l . have synthesised and character ised 
lanthanide chelates with 2-thiopyridine N-oxide anion of 
the general formula LnL,. 3HpO or Lnl,,. H2O. CH,OH (where, 
Ln * l an than ide ( I I l ) ion and L = 2-thiopyridine N-oxide 
anion). On the basis of elemental analys is , IR- and UV-
VlS-spectral data the complexes have been shown to be 
octacoordinated. Liquid-liquid extract ion method has also 
been employed for the synthesis of ternary lanthanide 
complexes of the type M(Hsal),.(TBP),, where, M=lanthanides 
or yttrium, Hsal= Sal icyla te ion = C^H,(OH)COO~ and TBP= 
49 t r is-n-butylphosphate . The nature of coordinated s a l i cy l a t e 
ion and TBP has been established from IR spect ra l data. The 
e lec t ronic spectra of the ternary complexes show no nephela-
uxet ic effect . Complexes with 2-N-(pyridyl)benzaraide(PyBA) 
of the type Ln(PyBA)^(C10^)^ (where, Ln= Y and La-Yb) have 
been synthesised and characterised by elemental analys is , 
13 conductance, IR, CNMR and e lec t ronic spectra. On the basis 
of molar conductance measurement and IK spectral data, the 
perchlorate groups have been shown to be present in ionic 
form in the complexes. The ligand 2-N(pyridyl)benzamide has 
been shown to coordinate through oxygen of benzamide group 
and the nitrogen of heterocyclic ring making the lanthanides 
six-coordinated. 
The s t a b i l i t y constants of l an than ide( I I I ) chelates 
51 with carboxy methyl th io-succinic acid have been determined 
9 
at varying temperature, 20", 25'>, 30" and 35*C and at 0. 1M 
ionic s t rength. The thermodynamic function for the formation 
of i; 1 and 1;2 (M:L) complexes have been obtained by the 
temperature co-eff ic ient method. The chelates are both 
enthalpy and entropy s t ab i l i zed . The AU and AS values have 
further been discussed in terms of electronic and non-
electronic poin ts . From the r e l a t i v e magnitude of ^G 
e l e c t r o - and J^G non-electro- values, i t has been concluded 
t h a t e l ec t ro s t a t i c forces are s tronger than the non-electro-
s t a t i c forces in the formation of the complexes, Furane 
2-carboxylate lanthanides of the type Ln(CcH,0,), have been 
52 found to show some covalent character as^compared to aquo 
ions, Thermogravimetric s tudies show tha t these complexes 
lose 0H~, CH,0~ and C2Ht-0H at low temperature while, spectro-
scopic r e su l t s indicate the non-involvement of phenolic 
oxygen-^-^. The s t a b i l i t y constants of lanthanide complexes 
54 with amino acids-^ such as glycine, a-a lanine, leuc ine , 
isoleucine have been calculated at 25", 35* and 45'C. On 
the basis of log K values, lanthanides have been arranged 
in the ascending order La(TIl) < ^ e ( l l l ) < P r ( I I l ) < Nd(III) < 
Sm(IIl) < Gd(l l l ) which is in agreement with the r e su l t s 
obtained by Powell et a l . Free energy(-^G) , e|thalpy( AH) 
and entropy(-^S) were also calculated. The react ions are 
shown to be exothermic as evidenced by the negative value 
of ^H. In addition to t h i s , the pos i t ive value ot AS 
indicated that the complexation react ions are energet ica l ly 
favourable. 
10 
Hypersensitive t r ans i t i on of s i x - , seven-^ and e ight -
coordinated neodyraium, holmium and erbium chelates with 
hexafluoroacetylacetonate(HFAA) have been studied by the i r 
e lect ronic spectra^ . The hypersensi t ive t r an s i t i on of 
lanthanide 0-diketonates show differences tha t are character-
i s t i c s of the coordination number and symmetry of the lantha-
nide ion. A spect ra l change associated with a decrease in 
coordination number of Nd was shown by removing coordinated 
water molecules from a benzene solut ion of the Nd(HFAA),.2H20 
chelates with a column of AA molecular s ieve. The spectrum 
of Nd(HFAA)^.2H20 (Fig.4a) has been ident i f ied for eight 
coordinated Nd-^  chelates after passing the solut ion through 
a column of molecular s ieve. The spectrum (Fig.4b) cor res-
ponded to a seven-coordinated Nd chelate . Furthermore, 
six-coordinated complexes were found t o have the following 
spectrum(Fig. 4C): 
5600 5700 5800 5900 6000 
^, A 
Fig. 4 
11 
Since, the naturally occurring purine and pyrlml-
dines occupy an important role in the chemistry of living 
system, a systematic work has been done on sulphur analogues 
of naturally occurring purine and pyrimidine bases^'. A few 
compounds have been reported to be useful in chemotherapy 
of cancer. For example, 6-mercaptopurine and 6-methyl 
59 
mercaptopurine ^ have been found to be extremely clinically 
useful. Because of their application in the treatment of 
thyrotoxicosis, 2-thiouracil and its alkyl homologues 
have been extensively studied. They play significant role 
as drugs and are also used as starting materials in the 
synthesis of some organic chemicals. Their derivatives are 
also used as hypnotics and as an analytical reagent in the 
determination of peroxide in blood serum. 
A survey of chemical literature reveals that 2-thio-
barbiturates were synthesized for converting them into their 
oxygen analogues ' . Two separate groups of workers •^* 
have reported independently the preparation and pharmacolo-
gical properties of a number of thiobarbiturates. They have 
shown that these compounds have rapid onset of action and 
were destroyed much more rapidly in the body system than 
were their oxygen analogues. Because of these properties 
the thiobarbiturates are proving very successful intravenous 
anaesthetics. Besides being a potential coordinating ligand 
barbituric acid derivatives are known to be mildly toxic to 
65 
most non-ruminant animals, for example, rates, mice and pigs . 
12 
Mice were found more sens i t ive towards th iobarb i tur ic acid 
than barbi tur ic acid. However, barb i tur ic acid has been 
found to cause physiological changes in kidney and l i v e r . 
The maximum tolerance l imi t of barb i tur ic acid was 2.5 mg/cnr. 
Some pharmacological invest igat ions of 5-oxylidine ba rb i tu r i c 
acid containing dif ferent alkyl and aryl chloro acids have 
shown i r r egu la r behaviour on cen t ra l nervous system. 
As an extension of t h i s work, lanthanide chelates 
of ba rb i tu r i c - , t h ioba rb i t u r i c - and 5»5-diethyl barbi tur ic 
acid * have been synthesised and character ised on the 
1 
basis of H NMR-, IR-spectral data and conductance measure-
ments. The chelates are reported to be'of the type ML,.2H20, 
where, M=La(IIl), C e ( l l l ) , P r ( l l l ) , Nd( l I I ) , Sm(II l ) , Eu ( l I I ) , 
Gd(I I l ) , T b ( l l l ) , Dy(III) , H o ( l l l ) , E r ( l I I ) , Yb(IIl) and 
Lu( I I I ) . The sol id complexes have been found to be covalent 
in nature while in solut ion they appear to be ion ic . 
4-Thiazolidines have been prepared ^ d i r ec t ly by the 
condensation of 2-hydroxy-5-methylacetophenone, th ioglycol ic 
acid and various amines using benzene as solvent (Fig. 5). 
The introduction of hydroxyl group increases t h e i r biocidal 
a c t i v i t y . 
13 
OH 
V:^ 
CH3 
-C N R 
^ ^ > ^ 0 
Fie. 5 
Where, 
R = a-naphthyl 
= cyclohexyl 
= 2-chlorophenol 
= 3-niethylphenyl 
= benzyl e tc . 
A number of th iazol id ines have been screened to 
inves t iga te t h e i r biocidal ac t iv i t i e s ' ^" ' ' ' ^ . Thiazolidine 
80 having antifungal ac t iv i ty has been synthesised , from 
raethylanthranilate. Condensation of methyl an thran i la te 
with aryl isothiocyanate yielded N-O-carbomethoxyphenyl-N*' 
aryl thiourea I which on heating with chloroacetic acid 
followed by fusion with sodium aceta te gave corresponding 
3-0-carbomethoxy-2-aryliminothiazoli-4-one(lI) . Further 
react ion of I I with sodium acetate and an aldehyde gave 
I I I , bromination of which produced the f inal product 
( th iazol id ine) IV (Fig .6) . 
Reaction of s i l v e r ( I ) rhodanine and s imi la r other 
heterocycl ic compounds (Fig. 7) has been investigated' ,81 
14 
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\ j _ y 
R 
( I ) 
C CH-
(11) 
( III) 
/ <-u COOM« 
(OV" —c=o 
(QV' 
C C — C H 
N ^ I 
X T / Br Br 
( I V ) 
X9> 
R' 
FiK. 6 
HN C ^ ° HN C ^ HN-
S ^ " ^N-
H 
HN 
^ ^ ^ x ^ / ^ ^ ^ ' - ^ 5 - ^ S^^> 
F i g . 7 
15 
The pre fe rence of t h e Ag(I) t o coo rd ina t e >dth t h e s e 
molecules has been a s c e r t a i n e d ( F i g . 8 ) . 
Ag 
\ 
N-
S ^ ^ ^ 
//"" 
Ag // N—C 
\ 
r : C — 
°*c 
/ A g 
/ \ 
CHo C ^ S — A g — N 0 = 0 
.C CH2 
Fig. 8 
The p r e p a r a t i o n of copper ( I ) complexes with rhodanine 
and i t s 3-inethyl and 3-n-butyl d e r i v a t i v e s have been repor t ed 
82 by Moers e t a l . The complexes a r e shown t o have 1:1, 1:2 
and 1:3 ( M : L ) molar r a t i o . From the IR~ and NMR-spectral 
da ta th iocarbonyl group has been shown t o coo rd ina t e with 
the meta l . The Cu-S s t r e t c h i n g frequency has been ass igned 
a t 300 cm~\ 
R— N 
/ ^ C ^ ^ / C H , 
when, 
R « H, rhodanine 
« CH,, methyl rhodanine 
= nC.Hg, 3 -n-bu ty l rhodanine 
Fig. 9 
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Complexes of rhodanine and its derivatives ^ with 
Au(l), Pd(II) and Pt(ll) have been studied. On the basis 
of molar conductivity, IR- and NMR-spectral analysis, it is 
believed that the coordination occurs through the thiocarbo-
nyl group of the ligands. Gold has been shown to form 1:1 
complex with 2-thiono-5»5-dimethyl-4-thiazolidinone. Mole-
cular weight determination, elemental-, mass-spectral 
analysis, X-ray diffraction, electron microscope and polaro-
graphic studies indicate the structure of gold complex 
(Fig. 10). 
H3C 
Fig. 10 
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Deprotonated 2-imino-4-thiazolidinone complexes of 
copper(I ) , s i l v e r ( l ) , gold(I ) , z i n c ( I l ) , cadinium(Il) and 
mercury(l) have been prepared and characterized by elemental 
88 
and infrared spec t ra l analysis . All the complexes were 
found to be diamagnetic. The infrared spectra revealed the 
deprotonation of the cyclic NH preceded by bonding to the 
metal. The exocyclic groups do not take par t in coordination. 
The sulphur of 2-imino-4-thiazolidinone i s also bonded to 
the metal. Synthesis of 2,2-methyl pen ty l - , 2 ,2-e thyl methyl, 
2,2-methyl phenyl- and 2,2-diphenyl- thiazolidlne-4-one and 
t h e i r complexes with S i ( i v ) , Ge(IV), Sn(IV), Ti(IV) and Zr(IV) 
89 have also been reported . The elemental ana lys i s , IR- and 
NMR spectra and conductance measurements suggest them to 
possess the following s t ruc ture (Fig.11) . 
X 
CH2-
N-
Cl 
M 
0 = r C CH-
N S 
/ 
/ 
CI 
X 
R R 
Fig.11 
Since a variety of transition metal complexes of 
both the barbituric acid and thlazolidines have been thoroughly 
investigated, it seemed appropriate to study mlxed-llgand 
18 
chelates of lanthanlde ions using th iazo l id ine as primary-
and barbi tur ic acid as secondary ligand with L a ( l l l ) , 
Ce ( I I l ) , Pr(TIl)» Nd(TII), Gd(I I l ) , Dy(I I l ) , Ho(III) and 
Er ( I I l ) - ch lo r ide to ascer ta in t h e i r mode of coordination. 
As the ligands and complexes contain sulphur atoms, they 
are ant icipated to be tox ic . A comparative study of t h e i r 
toxic behaviour has, therefore , been made on cockroaches. 
Their per cent mortal i ty and LD^Q were calculated by 
graphical method. 
The condensation of primary amines with carbonyl 
compounds was f i r s t reported by Schiff and since then the 
90 condensation products are referred to as Schiff base . 
Primary amines generally undergo condensation react ion with 
aldehydes or ketones resu l t ing in the formation of Schiff 
base. Schiff bases are being used as chelating agents 
since long. Their compounds with t r a n s i t i o n metal ions 
have been studied. However, chemistry of lanthanide complexes 
with macrocyclic Schiff bases has also been given a t ten t ion 
in recent years . Some t r i v i a l macrocyclic Schiff bases 
are mentioned below(Fig. 12 ). 
The template react ion of hydrated lanthanide n i t r a t e 
with 1,2-diaminoethane and 2 ,6-diacetylpyr idine in 1:2»2 
molar r a t i o in alcohol gave the macrocyclic complex rLnI](NO,), 
with La(III) and Ce(III) only -^ . The heavier lanthanides 
n 
n 
Fig.12 
III 
were not found to be effective teraplating agents in the 
formation of this 18-membered ring, due perhaps to their 
smaller size. However, they were used as templating 
agents in the synthesis of l4-membered ring(II) having 
the formula rLn(II)(H20)2](ClO^),.4H2O (where, Ln = Tb, Dy, 
Ho, Er, Tm, Yb and Lu). The lighter lanthanides also 
give macrocyclic Schiff base III complex. The macrocyclic 
compound, for instance, rLn(l)](NO,), has been found to 
96 possess unique property . Unlike polyethers, the complex 
of macrocycle I was resistant to hydrolysis and they exists 
in aqueous solution as rLn(I)(H20) ]-^ "*". In contrast to the 
complex of macrocycle I, the complex of II is unstable in 
water and gives the open ring complex rLn(lIl)(H20)2] (CIC^ ]^ , 
2H2O on reaction with water. On the other hand, the 
b i n u c l e a t i n g macrocycl ic l igands were f i r s t p repared from 
97—03 2 ,6-d i formyl-4-methyl phenol and 1,n-diaminoalkanes^ ' ^ . 
The r e a c t i o n of 2 ,6 -d i fo rmyl -4 -ch lo ropheno l , polyamines 
and lanthanum n i t r a t e gave macrocycl ic complexes ( F i g . 1 3 ) . 
CI 
H2N- (CH2)2 -NH~(CH2)2 -NH2 
CHCI3 1 
HN Ln(N03)2 ^^ 
0 N ^ 
1 NO, 
HN Ln (N03)2 NH 
Fig.13 
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The r e a c t i o n of (a) with polyamines in chloroform gave t h e 
macrocycle(b) which when reac ted with Ln(NO,)^ in chloroform-
methanol mixtiire in the presence of LiOH or NaOH gave c h e l a t e 
(c) v**iile in the absence of LiOH or NaOH i t y ie lded the 
conipound(d). Since NH group i s f ree i t i s r e a d i l y a v a i l a b l e 
fo r f u r t h e r r e a c t i o n with subsequent c o n t r a c t i o n in r ing s i ze . 
3 + 
3* 
^'ig. 14 
Attention has also been focused on the synthesis of 
100 101 
novel Schiff bases derived from aromatic amines and aldehydes . ' 
Since they are chemically and pharmaceutically useful, they 
have achieved significant place in the synthesis of their 
10? 
chelates with metal ions 
22 
A number of sulphonamide drugs a re used as dye s tu f f . 
Acidwool dye s t u f f con ta in ing sulphonamide groups was p a r t i -
c u l a r l y used in l aunder ing and b leach ing . In t h e course of 
p repa r ing s e v e r a l azo dye, t he h i s t o r i c a l drug, 2,A-dlaraino 
4 ' - su lphonylazobenzene hyd roch lo r ide (F ig . 15) , commercially 
known as ' p r o n t o c i l * was d i scovered . 
HCI.H2N-A A-NITN-Y. A_502-NH2 
Fig. 15 
I t has been concluded i n d i r e c t l y t h a t the a c t i v e 
c o n s t i t u e n t of p r o n t o c i l was su lphonamide(Fig ,16) . 
^2^-\\ / ) -S02-NH2 
Fig. 16 
As a consequence of the above experiment, sulphonamide was 
then administered to infected animals which reflected very 
high in vivo activity. Other types of medicinally important 
compounds having Schiff base structure have also been 
intensively studied. They play active role as analgesic, 
10^ -107 
anti-inflammatory, antibiotic, antimicrobial and anticancer 
agents. 
23 
Two types of anti iDony(III) c h l o r i d e complexes(1i 1, 
1:2) ( m e t a l : l i g a n d ) with su lphani lamide , s u l p h a t h i a z o l e , 
s u l p h a d i a z i n e , su lphapyr id ine and sulphamerazjne have been 
infi 
c h a r a c t e r i z e d on t h e b a s i s of e lemental a n a l y s i s , 
e l e c t r o n i c - and I R - s p e c t r a l da t a . The drugs a c t as tnono-
d e n t a t e l i g and s i n 1:1 complexes showing the involvement 
of a n i l i n o NH2 or h e t e r o c y c l i c r i n g n i t r ogen in coord ina t ion 
whereas they func t ion as b i d e n t a t e l i gands in 2i1(MiL) 
complexes sugges t ing t h e p a r t i c i p a t i o n of both t h e a n i l i n o 
NH2 and h e t e r o c y c l i c r i n g n i t rogen in bonding. 
Although ex tens ive s t u d i e s have been c a r r i e d out on 
1OQ-112 the complexes of t r a n s i t i o n metal ions of d - s e r i e s 
with sulphadrug Schif f ba se s , r e l a t i v e l y l e s s work has been 
done with l a n t h a n i d e s , Lanthanide complexes with Schiff 
bases der ived from sulphani lamide and s a l i c y l a l d e h y d e have 
1T^ been syn thes ized and c h a r a c t e r i s e d . Adducts of the type 
ML2C1,.2H20 (wi th , M=lan than ide ( l l l ) ion , and L=Schiff base) 
with Schi f f bases der ived from su lphafu razo le and thiophene 
114 2~aldehyde have been syn thes i sed and well c h a r a c t e r i s e d 
under t h i s p r o j e c t . I t has a l so been i n v e s t i g a t e d t h a t t h e 
l i gands and t h e i r complexes were t o x i c towards common 
i n s e c t s atid fungi which i s evidenced by LD^Q and % growth 
i n h i b i t i o n da ta . Based on t he se l i m i t e d s t u d i e s t h e fo l low-
ing s t r u c t u r e ( F i g . 17) has been proposed. 
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The s t a b i l i t y constants of most of the sulphadrug 
11 '5 114 Schiff base complexes determined by pH-metric method 
have been shown to have the order La(III) < Ce(III) < Nd(Il) 
< Gd(lII) < Dy(l l l ) < Ho(Il) < Er. In addition to sulphadrug 
Schiff bases, some other bases derived from di f ferent amines 
and aldehydes have been exploited for the synthesis of 
11B lanthanide complexes •^ . The Schiff base obtained by the 
condensation of o-phenylene diamine with vani l l ine have been 
shown to react with l an than ide ( l l l ) chloride to yie ld i;2 
(M:L) complex . On the basis of IR spectra i t has been 
shown tha t coordination occurs through azomethine nitrogen 
and phenolic oxygen. Therraogravimetric analysis of the 
complexes has suggested the coordination of three molecules 
c 'J 
of water rendering the metal ion heptacoordinated. In view 
of the diverse properties of Schiff bases, effort was made' 
117 to study their lanthanide chelates and therefore, a 
series of complexes with several types of Schiff bases were 
studied. The complexes are solvated and contain ethanol or 
water. Polymeric structure have been ruled out due to 
steric hindrance of the chelating group. A binuclear bridged 
structure^Fig.18) has been shovm for the chelates. 
CH? 
I 
CH2 
Fig. 18 
Lanthanide chelates with Schiff base derived from 
1-lsonicotlnyl hydrazide and 2-hydroxy-1-naphthaldehyde 
have been shown to a t t a i n a coordination number seven. 
The ONO donor Schiff base derived from salicylaldehyde 
2h 
and 0-hydroxy benzylatnine or 0-aminobenzylalcohol have been 
e x p l o i t e d in t h e syn thes i s of l a n t h a n i d e c h e l a t e s . The 
Schi f f base (F ig . 19) has been shown t o behave as monobasic 
t r i d e n t a t e ONO donor l i gands and form the complexes of the 
type Ln(LH)2 (LH2=Schiff base ) . 
OH Hope 
Fig. 19 
I t i s thus observed t h a t r e l a t i v e l y l e s s work on 
l a n t h a n i d e c h e l a t e s with sulphadrug Schi f f base has been 
accomplished. Most of the s t u d i e s has been done on s o l i d 
compounds t o e l u c i d a t e t h e i r s t r u c t u r e on t h e b a s i s of IR-, 
NMR- and e l e c t r o n i c - s p e c t r a l da t a . In view of t h i s we have 
under taken t h e s tudy of l an than ide c h e l a t e s with Schiff 
bases der ived from.the condensat ion of su lphapyr id ine with 
s a l i c y l a l d e h y d e and sulphamerazine with s a l i c y l a l d e h y d e and 
N,N-dimethyl aminobenzaldehyde. The Schi f f bases con ta in ing 
0,N donor s i t e s may for-ni more s t a b l e c h e l a t e s than with N,N-
donor atoms as l an than ides are hard ac ids and they p r e f e r t o 
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coordinate with hard bases than with soft ones. An attempt 
has also been made to elucidate the structure of lanthanide 
chelates with these Schiff bases on the basis of conductance, 
magnetic moment measurements, IR-, NMR- and electronic-
spectral data. 
CHAPTER - I I 
EXPERIMENTAL METHODS" 
EXPERIMENTAL METHODS 
The physico-chemical methods used for the structural 
elucidation of newly synthesized ligands and their complexes 
described in the present work are infrared-, nuclear 
magnetic resonance-, UV/Visible spectroscopy, conductance-, 
pH-metric measurements, magnetic moment and molecular weight 
determination. To investigate the toxicity of the ligands 
and their complexes in terms of LDCQ the graphical method 
has been used. 
Toxicity and Probit Analysis; 
In order to find out the toxicity of a chemical in 
terms of probit the "effect of the stimulus is determined 
according to the reaction of living organism against that 
chemical. Usually the stimulus is applied at a series of 
experimental range and the reaction of each range determined 
from its application to a set of experiments. 
Instead of speaking in general term, it is more conve-
nient in describing the kind of data to refer to one type of 
experiment such as the determination of the toxicity of a 
chemical formulation to a given type of insect. In such 
experiments various concentrations of the compound are 
prepared and a set of insects assigned at random to each 
concentration level. The comoound is applied, and for 
each set a count is made at the total number of insects(n) 
and number killed(r). The results can be expressed either 
as a proportion (r/n) or as a percentage 100(r/n). Such 
data may then be applied for probit analysis is assessing 
the various toxic substances and lethal doses. 
Tolerance Limit: 
For any one subject there is a certain level of 
intensity of the stimulus below which response does not 
occur and above which it does occur. For example, in 
considering a given insect there is a limit of concentration 
for a certain chemical such that if the concentration is 
below this limit the insect will survive, but if the concen-
tration exceeds this limit the insects will die. This 
tolerance is represented by x. For roost of the biological 
preparations the distribution of X is not normal but is at 
least approximately normal for X = log^Q. In probit analysis, 
therefore, the log of the concentration is usually used. 
120 Following Finney X is referred to as the dose in terms of 
actual concentration expressed in milligram/litre and the 
log^Q concentration is referred to as the dosage. A plot of 
the percentages killed against dosage gives a sigmoid curve. 
The analysis of results from the sigmoid curve presents some 
rather serious difficulties. It would therefore, seem to be 
desirable to use a transformation of the percentages such 
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that with a normal distribution the transformed percentages 
would lie in a straight line. Generally, the observed 
variations from a straight line are of two types. 
(I) In the first place the sets of experiments may not be 
all uniform or the conditions for the sets may not be uniform. 
This will tend to produce an abnormal scatters of the points 
about the straight line. 
(II) In the Second place the transformation of the dose to 
dosage may not be suitable. 
Practical Application of Probit Analysis: 
Since we expect to get a straight line when probits 
are plotted against dosage, the methods of linear regression 
are suggested. 
To measure the potency of the preparation it has been 
found that the dose giving a 50% kill is the most statistic 
and referred to as LDj.^ (median lethal dose). In experiments 
where the response is not death we refer to the EDcQ(median 
effective dose). Whatever practical advantages there may be 
in knowing the LDQQ or some similar value, the fact is that 
much greater precision can be obtained in the measure of the' 
LDcQ which is corresponding to a probit value of 5. 
Another factor to be measured is the range of the 
dosage required for a given range of percentage kill. This might 
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be referred to as the sensitivity of the preparation tested. 
Obviously, if small changes in concentrations give wide range 
in the percentage kill, the sensitivity is high and represented 
by the slope of the line. The greater the slope the narrower 
the range in dosage for a given range in the percentage kill. 
The geometry of the line would seem to give, therefore, 
the required measure of potency and sensitivity. Taking two 
points X. and X2, representing the dosage, on the abscissa 
of the graph and finding the corresponding points Y^ and Yp on 
the probit scale, will give the slope of the line. If b 
represents the slope, then 
Y2 - Y^ 
X2 X^ 
This makes it possible to set up a regression equation 
of the type Y = a + bx where a = Y. - bX, or Yj - bX,. 
CHAPTER - III 
CHELATING BEHAVIOUR OF SULPHADRUG SCHIFF 
BASE TOWARDS LANTHANIDE IONS 
CHELATING BEHAVIOUR OF SULPHADRUG SCHIFF BASE TOWARD 
LANTHANIDE IONS 
EXPERIMENTAL 
The r a r e e a r t h s a l t s (May & Baker) , NaOH, NaClO^(Riedel), 
HCIO. (E.Merck), su lphapy r id ine , sulphamerazine(Sigma) , s a l i -
cy la ldehyde(Sarabha i ) and N,N-dimethylaminoben2aldehyde(BEH) 
were used as supp l i ed . The i n f r a r ed s p e c t r a were recorded on 
a Perkin-Elraer 240 FTTR spectrophotometer as KBr d i s c . The H NMR 
s p e c t r a were recorded on a BRUKER WP 80 ins t rument in EMSO dg. 
The conduc t iv i ty measurements were made on an E l i co conduc t iv i ty 
br idge type CM-82T. The pH-metric t i t r a t i o n s were performed on 
an El ico pH-metric model LT-10T with an accuracy of _+0. 5 in a 
combination with g l a s s e l e c t r o d e . C a l c u l a t i o n s were made on a 
computer model VAX/11-780. 
For p o t e n t i o m e t r i c s tudy , Sch i f f base s o l u t i o n s were 
prepared i n d ioxane-wate r (20 :80 , v / v ) mixture and t i t r a t i o n s 
were c a r r i e d out a t 0.1M(NaC10,) i on ic s t r e n g t h a t 25*, 30*" and 
35*0. The l a n t h a n i d e ( I I l ) c h l o r i d e s o l u t i o n s were prepared 
i n p e r c h l o r i c ac id to prevent the h y d r o l y s i s of the me ta l s . 
All the s o l u t i o n s were prepared in carbon d ioxide f ree double 
d i s t i l l e d water . 
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Synthesis of the Schlff Bases; 
Sulphapyridine(30 mmol, 4.74 g) dissolved in 150 ml 
of ethanol was mixed with salicylaldehyde(30 mmol, 3.66 g) 
(SB I ) while sulphamera2ine(30 mmol, 7.929 g) dissolved in 
150 ml ethanol was mixed with salicylaldehyde(30 mmol, 3.66 g) 
(SB I I ) or N,N -dimethylaminobenzaldehyde(50 mmol, 4.75 g) 
(SB I I I ) dissolved in the same solvent . The resu l t ing mixtures 
were refluxed for 6 hr on a water bath to yield coloured 
c r y s t a l s or amorphous powder and kept overnight. I t was 
f i l t e r e d , washed with ethanol and dried in a des ica tor . The 
l igands were formed according to the scheme 1. 
Synthesis of the Complexes; 
A mixture of ethanolic solut ion of rare e a r t h ( I I l ) 
chloride and Schiff base ( I , I I or I I I ) in 1:3 (MtL) molar 
r a t i o was s t i r r e d for 24 hr u n t i l l an amorphous sol id was 
obtained. I t was kept overnight, f i l t e r ed and the so l ids 
were dried in vacuo. 
The s t a b i l i t y constant of the complexes formed in 
solut ion was detemrined at 0.1M (NaClO,) ionic s trength a t 
25, 30 and 35*'C, using Irving and Rosso t t i ' s method''^''. All 
the solut ions were prepared in carbon dioxide free double 
d i s t i l l e d water. 
SCHEME - 1 
\ \ yc=0^»2^-\, //-S02-N 
OH 
l\\ // 
OH 
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,CH3 
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RESULTS AND DISCUSSION 
The S c h l f f b a s e s ( I , I I and I I I ) behave as monobasic 
b i d e n t a t e l i g a n d s . The a n a l y t i c a l d a t a ( T a b l e 1) c o r r e s p o n d 
t o t h e c o m p o s i t i o n yiLy2U^_0 (L=3BI and I I ) and >^LpC1.3H20 
(L»SB I I I ) . The complexes a r e n o n - h y g r o s c o p i c and s o l u b l e 
i n DMSO and EMF. 
^H NMR S p e c t r a i 
S i n c e SB I and SB I I c o n t a i n OH group which r e s e m b l e 
122 p h e n o l i c OH, t h e i r -OH p r o t o n s i g n a l has been compared 
w i t h R-OH. Dovm f i e l d s h i f t i n t h e OH p r o t o n s i g n a l o c c u r s 
when t h e a l k y l g roup i s r e p l a c e d by an a r y l group as a 
consequence of r educed e l e c t r o n d e n s i t y . I t a l s o d e p e n d s , 
t o some e x t e n t , on t h e c o n c e n t r a t i o n , t e m p e r a t u r e and n a t u r e 
of t h e s o l v e n t . D e u t e r a t e d BMSO c a u s e s a downf i e ld s h i f t by 
12^^ fo rming h y d r o g e n - b o n d between t h e s o l u t e and s o l v e n t even 
i n d i l u t e s o l u t i o n . Hydrogen bonded p h e n o l i c OH p r o t o n s i g n a l 
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unde rgoes f u r t h e r downf i e ld s h i f t . I n SB I and I I , t h e OH 
p r o t o n s i g n a l s a p p e a r i n 6 1 2 . 2 — 1 2 . 8 ppm ranf^e owing t o 
s t r o n g i n t r a m o l e c u l a r 0-H N bond ing as has been found i n 
O-hydroxy a c e t o p h e n o n e . This s i g n a l , however , d i s a p p e a r e d i n 
t h e complexes as a consequence of t h e r e p l a c e m e n t of p h e n o l i c 
hyd rogen by t h e m e t a l i o n . 
I n t h e p r e s e n t work, t h e NH p r o t o n s i g n a l has been 
found t o a p p e a r a t 6 1 0 . 0 i n a l l t h e S c h i f f b a s e s . Th i s s i g n i -
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ficant shift in NH.proton signal may be attributed to the 
presence of electron withdrawing groups attached to it and 
partly due to hydrogen bondinp; with the neighbouring atoms. 
However, the NH proton signal in SB III is missing indicating 
the replacement of this proton by the lanthanide ion. The 
phenyl(6.0 — 9.0 ppm range) and methyl (1.0 — 3, h ppm range) 
proton signals remain almost unchanged as the environment 
around them is not disturbed after chelation with lanthanides, 
INFRARED SPECTRA 
IR Spectra of Schiff base I. II and their Complexes. 
The 0-H stretching frequency of salicylaldehyde is very 
124 , —1 
much similar to phenolic OH which appears in the 3^ 50-3570 cm 
range. As a result of intramolecular hydrogen bonding, * 
the 0-H stretching frequency(Table 2) in SB I and II is lowered. 
Although there does not seem to be any significant difference 
between OH 0 and OH N but the latter is favoured because 
it stabilises'' "^  the bond as 0^~— H N*^"*" forming a six-
membered ring(Fig,20). Consequent upon the complex formation 
by the replacement of phenolic hydrogen by lanthanide(lll) 
the V(O-H) disappears. The number of protons replaced by 
metal ion correspond to the number of Schiff bases bonded to 
the metal. 
The V(C-O) absorp t ion produces a sharp band in 1260-1000 
-1 
cm reg ion but the s p e c t r a of mull or p e l l e t of such samples 
3 J 
S B - 1 
S B - II 
F i g . 20 
40 
—1 —1 122 
show absorp t ion i n 1390-1330 cm and 1260-1180 cm range 
as a r e s u l t of t h e i r coupling with 6(OH). The i n t e n s e and 
r e l a t i v e l y s t r o n g bands a t 1275 (SBI) , 1278 and 13^0 cm"''(SB I I ) 
12? 128 have been ass igned t o phenol ic C-0 s t r e t c h i n g frequency. ' • 
Since phenol ic C-0 e x i s t s as C-OH, i t i s d i f f i c u l t t o compare 
t h e change i n C-0 s t r e t c h i n g frequency with t h a t of the 
complexes. However, a very n e g l i g i b l e s h i f t ( i 5 cm ) in C-0 
s t r e t c h i n g frequency i n t h e complexes r e v e a l s t h a t i t i s not 
very s e n s i t i v e towards coo rd ina t i on . The o the r bands around 
1400 cm are due t o C-H abso rp t ion . 
The C»N s t r e t c h i n g frequency of azomethine group has 
been r epor t ed ' ' ^^ ' ' ' ^^ i n I630-I66O cm""* range but i t s h i f t s t o 
~1 127 
1610-1620 cm i f i n t r amolecu la r hydrogen bonding occurs ' . 
In t h e p r e s e n t case \'(HC=N) appears as medium i n t e n s i t y band 
a t 1622 cm""'' (SB I ) and 1593 cm"'' (SB I I ) as a consequence of 
OH N=C(Fig.20). The V(C=N) band i s s h i f t e d t o h i g h e r 
frequency reg ion a f t e r c h e l a t i o n which may be a s c r i b e d t o 
i nc r ea sed n - e l e c t r o n densi ty i n C=N group and l o s s of hydrogen 
bonding( Fig. 20) . The V(N-H) a t around 3040 cm~^ i n t h e f r ee 
Schi f f bases has been found t o c o n s i s t e n t l y appear ing a t i t s 
p o s i t i o n both in t h e f ree and coraplexed l lgands co r robo ra t i ng 
non-involvement of t h i s group in coo rd ina t ion . I t i s i n f e r r e d 
from above s t u d i e s t h a t t h e c o o r d i n a t i o n of l a n t h a n i d e ion 
occurs through phenol ic oxygen and azomethine n i t r o g e n of t h e 
Schi f f bases . 
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IR Spec t ra of Llgand I I I and i t s Complexes 
The abso rp t ion bands a t 1600-1640 cm"''and 3050-3300 cm"'' 
r eg ion a t t r i b u t e d t o V(C=N) (azomethine group) and v(N-H) 
r e s p e c t i v e l y , a r e t h e c h a r a c t e r i s t i c absorp t ions of Schiff 
base . In the p r e s e n t case v(HC=N) appears in very narrow 
region(1630-1635 cm ) which impl ies t h a t azomethine group i s 
probably u n s u s c e p t i b l e to b inding in presence of p y r i d y l 
n i t r o g e n . The NH p r o t o n i s depro tona ted followed by c o o r d i -
n a t i o n through t h i s and p y r i d y l type n i t rogen with a consequent 
dec rease i n v(C»N). I t i s , however, d i f f i c u l t t o d i s t i n g u i s h 
between vCC'N) and VCHCSN) as they may be coupled with each 
124 
o t h e r appear ing i n t h e same r eg ion of spectrum. No f ine 
s p l i t t i n g of the •V(C»N) around 1600 cm could be observed 
as has been r e p o r t e d in t h e case of 3 - d i k e t o n a t e and p y r i d i n e 
132 —1 
complexes -^ . However, a sharp band a t 1600 cm has been 
observed i n t h e complexes bes ides a very s t rong band around 
—1 1155-1180 cm which seems t o be 
t h e coord ina ted p y r i d y l n i t r o g e n . 
 t he pe rpu tua l f e a t u r e of 
In g e n e r a l , coord ina ted water molecule absorbs a t 
3200-3500 cm due t o symmetric and ant isymmetric 0-H s t r e t c h -
ing mode and 1600-1630 cm" due t o H-O-H b e n d i n g ^ ' ' . In the 
p r e s e n t ca se , a band i n 3300-3500 cm range has been observed 
but i n most of the compounds t h e bending mode could not be 
d e t e c t e d as i t might have coupled with V(HC»N) and V(C=N) 
44 
s t re tch ing frequencies which appear in the same region. 
However, in two chelates of SB I a band at 1595 cm has 
been observed. Ruano et al i have reported two more well 
defined bands at 1150 and 1000 cm for coordinated water 
molecule. The band at 1075-1080 cm"'' and 1040-1045 cm"'' 
in SB I and SB I I complexes respect ive ly are in agreement 
with the observation of Ruano and coworkers. On the basis 
of these s tudies the metal chelates may, therefore , be 
proposed to have the s t ruc tures as shown in Fig.21. 
ElectrK)nic Spectra: 
The e lec t ronic spectra of the complexes were run in 
DMF. The in t ra - l igand t r ans i t i ons occur below 380 nm and 
have not been discussed further . The sharp in te rna l f-f 
transitiottfrom 4f" configuration of the lanthanide ions are 
great ly influenced by the ligand on complexation. A red 
sh i f t of the f~f t r a n s i t i o n observed for the complexes as a 
r e s u l t of the expansion of electron clouds with reference 
to t h e i r pos i t ion in the spectra of the corresponding aquo 
ions i s referred to as nephelauxetic e f f e c t ^ ' . I t i s 
195 consistent with the theory propounded by Jorgensen tha t 
t h i s effect i s subs tan t ia l ly due to the decrease in coulombic 
in t e rac t ion among the f-electrons of the lanthanide ions. 
The nephelauxetic r a t i o (3) has been calculated from the 
4Q 
r e l a t i o n ^ 
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1/2 »^'^  The covalency parameter (6) and bonding parameter (b ) 
have also be calculated from the equations 
p^  6 = ( ^  " ^ ) X 100 
and b » - (1-0) 
The p o s i t i v e values of bonding parameter and 6 
measure the ex t en t of mixing of f - o r b i t a l s of metal with 
l i g a n d o r b i t a l s . Since t h i s value i s very smal l (Table 3 ) , 
i t i n d i c a t e s n e g l i g i b l e mixing of t he se o r b i t a l s l ead ing 
t o t h e formation of weak M ^—L cova len t bond. The absorp-
t i o n bands in t h e v i s i b l e s p e c t r a of P r ( I I I ) , Nd( I I l ) and 
E r ( I I l ) complexes a r i s e due t o t h e t r a n s i t i o n from ground 
l e v e l ( H^, I Q / 2 and 1-15/2) "^ o "the exc i ted J - l e v e l s of 
4 f - c o n f i g u r a t i o n . 
Magnetic Moments: 
The magnetic moments (Table 3) of the complexes have 
136 been computed a t room temperature by Evans' method 
employing the express ion 
^^ » 0.0618 ( ^ . - I - ) l / 2 
where, 
f = oscillator frequency expressed in MHz 
T = absolute temperature 
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M a molarity of the solut ion 
4f = the difference in frequency between two 
reference s ignals . 
The observed magnetic moments are quite comparable with 
those of the octacoordinated lanthanide ions calculated by 
1 ''57 Van Vleck -^  i n d i c a t i n g t h a t ^ f - o r b i t a l s do not p a r t i c i p a t e 
i n the bond formation. This i s due t o the e f f e c t i v e s h i e l d -
2 6 ing of 4 f - e l e c t r o n s from e x t e r n a l forces by t h e 5s 6p s h e l l s . 
Molar Conductance: 
The molar conductances of t h e complexes(-^^) were 
measured i n EMF us ing the r e l a t i o n 
of s o l v e n t 
Ce l l cons tan t (conductance of solution-——conductance / ) 
Concent ra t ion 
The molar conductance of m i l l i m o l a r s o l u t i o n of the che l a t e s 
— 1 2 —1 
i n EMF was found t o be too low (25-35 ohm cm mol ) to 
i n d i c a t e t h e i r i o n i c na tu re in t h i s s o l v e n t . 
pH-METRIC STUDY 
The fol lowing s e t s of s o l u t i o n s were t i t r a t e d pH-
m e t r i c a l l y aga ins t 0.2128M sodium hydroxide s o l u t i o n ( i ) 5 ml 
HC10^(0.1M) ( i i ) 5 ml HC10^(0.1M) and 25 ml of l i gand s o l u t i o n 
(0 .005 M) and ( i i i ) 25 ml of l igand s o l u t i o n and 5 ml of HCIO^ 
(0.1M) con ta in ing 0.005M m e t a l ( I I I ) c h l o r i d e . To the above 
s o l u t i o n s c a l c u l a t e d volume of NaClO, s o l u t i o n was added t o 
maintain the ionic strength of the solut ions a t 0. 1^ .^ Total 
volume in each set of solution was kept a t 50 ml by adding 
r equ i s i t e volume of water. 
Proton-Ligand S t a b i l i t y Constants 
The acid-l igand t i t r a t i o n curve deviates from that 
of pure acid at pH=3.0(Fig.22) indica t ing dissocia t ion of 
proton. The proton-ligand formation number n . ( l . 90 ) 
corresponds to two dissociable protons as i t i s 1.0 < n.< 2.0 
in the case of SB I and I I , One of these two protons d isso-
c ia tes in acidic range and the second one in the basic medium 
but the complex formed in the basic medium gets dissociated 
and hence only one dissociable proton was considered. This 
i s also ref lec ted by the n value( less than one). The SB I I I 
contains only one dissociable proton as evidenced by ITA value 
(0.88) and therefore , only log K. was computed for a l l the 
complexes. The proton ligand formation number was calculated 
using the relation^ 
H = Y - r —^—^ ] 
(V^.V^) TL 
where, Y, v^, V^, Vp, No, £„ and T^ have their conven-
tional meanings(notation). 
The proton-ligand stability constants (pK*^ ) were obtained by 
the pointwise calculation * from the expression 
fJO 
c 
a 
E 
X 
a 
U -
12 
10 
o-
-H P u r e a c i d c u r v e 
-0 A c i d 1 i gan d c u r v e 
-- A c i d l i g a n d - m e t a l 
c u r v e 
1 2 3 
V o l u m e s o1 NaOH 
Fig-.22 Typical t i t r a t ion curves of 
SBI and rare earth(II l) ion 
complex . 
PK" = pH + log ( — ) 
where, 
1,0 < n^< 2 .0 
pK^ » pH + log ( ^ ) 
51 
where, 
n^ < 1.0 
Metal-Llgand S t a b i l i t y Constants 
In order t o prevent the po lymer i s a t i on , very d i l u t e 
s o l u t i o n s were used. The me ta l - l i gand t i t r a t i o n curve 
d e v i a t e s from t h e ac id - l i gand curve at pH=5.0 and hence 
c a l c u l a t i o n s were made from t h i s pH onwards. The me ta l - l i gand 
formation number(n) was obtained from the r e l a t i o n 
n 
(V3-V2) (No+ E„) 
(V.-HV^) n^.Tj^ 
The maximum n va lue was below u n i t y i n each case and hence 
only l o g K^(Table h) could be c a l c u l a t e d from the equat ion 
n 
log K^  » PL + log 
1 - n 
where, 
PL i s the f r e e - l i g a n d exponent obtained from t h e 
r e l a t i o n 
I' W 
PL _ 
(TL-nT^)V, 
The rare earth metals have weaker complexing tendency 
as compared with first row transition metals owing to their 
larger hydrated ions and non-availability of the 4f-orbitals 
for covalent bond formation. Since the nature and exact 
coordination number of the metal complex formed in solution 
is not known, it is believed that the metal ion attains its 
coordination number by the association of solvent molecules ^  . 
A plot of log K versus e'/r shows roughly a linear 
(Fig.23) relationship suggesting an ionic character for the 
metal-ligand bond in solution while solid complexes appear to 
be covalent. The stability constant of the complexes follow 
the order 
La < Ce < Pr < Nd < Dy < Ho < Er 
I t has been noticed tha t oxygen-nitrogen containing ligands 
form more s table chelates than those with N,N containing 
donor s i t e s which i s in agreement with the r e su l t s reported 
e a r l i e r . The s t a b i l i t y of the complexes has also been found 
to be inversely proportional to temperature. The values for 
free energy (-AG) were calculated using the equation 
- A G = RTlnK 
15 
K 
•3C. 
O 
n 
12 
2 
e / r 
10 
5:^  
Fig. 23 
5^ 
where, T = absolute temperature 
The negative value of ^G indicates that the formation of 
the complexes is energetically favourable. 
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CHAPTER - IV 
SYNTHESIS, CHARACTERISATION AND TOXICITY OF 
MIXED-LIGAND COMPLEXES OF LANTHANIDES 
SYNTHESIS. CHARACTERISATION AND TOXICITY OF MIXED-LIGAND 
COMPLEXES OF LANTHANIIES 
EXPERIMENTAL 
Cyclopentanone, cyclohexanone(E.Merck), mercaptoace t ic 
a c i d , ammonium carbona te (F luka , AG), r a r e e a r t h ( I I l ) c h l o r i d e 
(May & Baker) were used as supp l i ed . The IR spec t r a (550 -
4000 cm ) were run on a Shimadzu IR-408 model as KBr d i s c or 
i n chloroform. The r e f l e c t a n c e s p e c t r a were recorded on a 
Beckman ins t rument . The e s t ima t ion of ch lo r i ne was c a r r i e d 
out by usua l method. 
Syn thes i s of T h i a z o l i d i n e s : 
Cyclopentanone(4.20 g, 50 mmol) or cyclohexanone(4,90 ^ 
50 mmol), mercap toace t ic a c id (4 .60 g, 50 mmol) and ammonium 
ca rbona te (9 .60 g, 100 mmol) d i s so lved in dry benzene were 
ref luxed for 72 h r . The r e s u l t i n g benzene mixture was washed 
t h r i c e with 0.1M NaOH and f i n a l l y with water . I t was then 
d r i e d over anhydrous sodium s u l p h a t e and remaining benzene 
was removed through a s u c t i o n when i t y ie lded c r y s t a l l i n e 
p roduc t . The y i e l d was 65%. 
Syn thes i s of the Complexes: 
Cyclopentanone thiazolidine-4-one(L-TH) (0. 34 g, 2 mmol) 
and m e t a l ( I I l ) ch lo r ide (2 mmol) d i s so lved in 50 ml of a lcohol 
was re f luxed for 4 hr on a water bath . To t h i s mixture was 
59 
added an alcoholic solution of thiobarbituric acid(L-j-jH) 
(0.26 g, 2 mmol) and refluxed for another 4 hr. The volume 
of the solvent was reduced to half and it was kept overnight 
when solid mass was separated out. It was filtered, washed 
with alcohol and dried in a desiccator. 
The same procedure was adopted for the synthesis of 
the metal chelates with cyclohexanone(Lj-j.jH) and barbituric 
acid(LjyH). 
00 
RESULTS AND DISCUSSION 
The complexes were i n s o l u b l e in a l l t h e common 
s o l v e n t s . The a n a l y t i c a l da ta (Tab le 5) for t h e complexes 
conform t o t h e composit ion MLL'C1.3H20 (where, M=lanthanide(ni) 
ion , LH«cyclopentanone t h i a z o l i d i n e - ^ - o n e o r cyclohexanone 
t h i a z o l i d i n e - A - o n e and L 'H= th ioba rb i t u r i c ac id or b a r b i t u r i c 
a c i d ) . Presence of one ch lo r ide ion in the complexes has 
been confirmed by t h e e s t ima t ion of c h l o r i n e . 
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I^R Spectra: 
The IR spectrum of free thlazolidine in chloroform 
— 1 
solution shows N-H stretching frequency at 3^00 cm but in 
-1 
KBr it was observed at 3100 cm due to extensive inter-
molecular hydrogen bonding. A wide range( 15*^ 0-1870 cm" ) 
for v(C=0) in a variety of compounds such as ketones, 
122 
aldehydes, amides and lactams has been quoted . However, 
if hydrogen bonding or conjugation occurs, it shifts to lower 
wave number region. Delocalisation of n-electrons on the 0=0 
group also lowers the 0=0 stretching frequency as a result of 
the reduction in C«0 double bond character. Our results are 
140 in consonance with those of Preti and coworkers who have 
specifically reported the >^(C=0) in thiazolidine in 1670-1710 
-1 
cm range. 
Barbituric acids have been found to display one v(N-H) 
band(Table 6) which is consistent with the findings of Cannas 
141 
et al. Usually, there appears one v(C=0) band but we have 
observed one sharp band followed by a medium intensity band 
in 1640-1720 cm range. Though it is not well resolved it 
may be due to splitting of main 0=0 band. 
Since the complexes are formed by simultaneous replace-
ment 
MCI , + LjH •¥ L j j H »• MLjL-j-jCl + 2HC1 
of hydrogen atoms by the metal at pos i t ionlof both the l igands, 
the N-H absorptions in the complexes are mainly due to 
remaining NH group at position 5 in thiobarbituric- or 
barbituric-acid. The intensity of N-H absorption is, 
however, reduced which may be ascribed to electronic pull 
away from this nitrogen atom. However, the N-H bending 
mode in the complexes has been found at slightly higher 
region which might have coupled with V(C-N), Similar 
observation has been made by Prcti and coworkers in the 
case of thiazolidine-2-one. Since v(C-N), 6(0-H) and 
6(C-H) also fall in the same region of the spectrum, they 
could not be distinguished. 
In the case of amides it is known that if coordination 
occurs through carbonyl oxygen, C=0 stretching frequency 
decreases preceded by an enhancement in v(C-N). On the 
contrary, if coordination occurs through nitrogen atom, the 
^(C-N) decreases with a consequent increase in v(C=0). 
Simultaneous coordination with both oxygen and nitrogen leads 
to a more complicated situation as we are encountering in 
the present case. However, in the mixed-ligand complexes 
V(C*0) is negatively shifted as a consequence of decrease 
in C*0 double bond character while V(C-N) remains almost 
unchanged(Table 6). Since this band is intermediate between 
coordinated and free C=0 groups, it is believed that they 
would have coupled with each other. Both the free and 
complexed ligands consistently display a prominent band in 
(2850-2900 cm ) range. Since it remains unaffected, it is 
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ass igned t o V(C-H) of the l igand v i b r a t i o n . 
•50 Two new and r e l a t i v e l y weak bands'^ a t 3500 and 
1500 cm in the complexes have been assigned t o coordinated 
water molecules . The above r e s u l t s co r robora te t h e c o o r d i -
n a t i o n of l a n t h a n i d e ( I I l ) ions through carbonyl oxygen and 
imino n i t rogen of t h e l igands t o g e t h e r with t h r e e molecules 
of water making the l a n t h a n i d e ion e i g h t coordinated. This 
i s a l s o supported by t h e i r e l e c t r o n i c s p e c t r a . Based on 
t h e s e r e s u l t s t he fol lowing s t r u c t u r e for t h e complexes may, 
t h e r e f o r e , be p roposed(F ig .25 ) . 
H 2 C — C = 0 , 
OH2 
Cl 
M 
OH2 
OH2 
N 
0 
N—H 
H2C C=r.O Cl OH2 
S N M N-H ;x; /tx„i^, 
0H2 0H2 
Electronic Spectra: 
Fig. 25 
The so l id s t a t e e lec t ronic spectra of the complexes 
show in t ra - l igand t rans t ion below 380 nra which are comparable 
with those reported by Robinson and has not been discussed. 
K8 
The sharp internal f-f transition originating from hf^ 
configuration of the lanthanide ions are greatly influenced 
by the ligand on complexation. A red shift in the f-f 
transitions of the complexes is a consequence of the expansion 
of electron clouds(with reference to the corresponding aquo 
ions) and is called nephelauxetic effect. It is consistent 
155 
with the theory propounded by Jorgensen . The nephelauxel 
ratio(0) has been calculated using the relation ' , 
^ n=1 
0 =x - S \) / ;^ 
f^  n comp *^ aquo 
The covalency parameter(A) and bonding parameter(b ) 
have also been computed and the posi t ive values of bonding 
parameter and 6 measure the extent of mixing of f -o rb i t a l s 
of metal with these of ligand. Since t h i s value i s too small 
(Table 7 ) , i t implies tha t there i s negl ig ib le mixing of 
these o rb i t a l s leading to the formation of very weak K ^ L 
bond. The absorption bands in the v i s ib l e spectra of P r ( l IT) , 
Nd( l l l ) and E r ( l l l ) complexes(Fig.26) appear due to the 
t r ans i t i on from ground level ( H ,^ "^0/2 ^^^ -^15/2^ ^° ^^^ 
excited J levels of 4f-configuration. 
Maffletic Moment! 
The magnetism in lanthanides ar i ses from the 4f - leve ls . 
Since the incomplete 4f- level is burried too deeply to be 
influenced by the l igands, the lanthanide(TTl) ions function 
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as t rue ions. The calculated magnetic moments(Table 7) of 
P r ( I I l ) , Nd(IIl) and Dy(IIl) are very close to Van Vleck 
value which imply tha t the ^ f - o r b i t a l s do not pa r t i c ipa t e 
in bond formation. 
Toxicity: 
The sulphur compounds have inherent pesticidal 
property and hence it seemed essential to investigate their 
toxicity against insects, Insecticidal activities of cyclo-
pentananone-4--one, thiobarbituric acid and their complex in 
terras of LDCQ is given in Table 8, On the basis of their 
mortality data it has been found that the complexes are more 
toxic than the corresponding ligands . 
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CHAPTER - V 
LANTHANIDE COMPLEXES OF BIS-BARBITURIC ACID-1> 
3-DIAMINO PROPANE AND BIS-3>3~DIETHYL BARBITURIC 
ACID-1, 3-DIAMINO PROPANE. 
LANTHANIDE COMPLEXES OF BIS-BARBITURIC ACID-1. 3-DIAMINO 
PROPANE AND BIS-3.3-DIETHYL BARBITURIC ACID-I. 3-DIAMINO 
PROPANE 
EXPERIMENTAL 
M a t e r i a l s and Methods; 
Rare earth chlorides(reagent grade or Kay and Baker), 
NaOH(E.Merck), NaClO^ and HClO^(Riedel); 1,3-diaraino propane, 
b a r b i t u r i c acid and 5 .5 -d i e thy l b a r b i t u r i c acid(Koch Light ) 
were used as ob ta ined . The IR spect ra(650-4000 cm ) were 
run on a Shimadzu IR-408 model as KBr d i s c . The r e f l e c t a n c e 
s p e c t r a were recorded on a Beckman ins t rument . The pH-metric 
t i t r a t i o n were performed on an El ico pH-meter model LI-10T. 
The e s t ima t ion of c h l o r i n e was c a r r i e d out by usual method. 
All t h e c a l c u l a t i o n s were made on a model VAX/l1-780 computer. 
Syn thes i s of t h e Lipands: 
Syn thes i s of b i s - b a r b i t u r i c ac id-1 ,3-d iaminopropane : 
B a r b i t u r i c a c i d ( ^ . 5 6 g, 20 mraol) was d i sso lved in 500 ml 
of e thanol by h e a t i n g . To t h i s s o l u t i o n 1,3-diaminopropane 
(0 .74 g, 10 mmol) was added dropwise when white p r e c i p i t a t e 
of b i s - b a r b i t u r i c ac id-1 ,3-diaminopropane(Ligand I , LH^) was 
ob ta ined . I t was f i l t e r e d as white amorphous s o l i d , washed 
with e thanol and d r i ed in vacuo. 
Synthesis of b l s -^ ,3 -d le thy l barb i tu r ic acid-1,3-dlaminopropane; 
For b is -5 ,5-d ie thyl ba rb i tu r ic acld-1,3-dlaiDinopropane 
(Ligand I I , LH2), 5»5-diethyl barbi tur ic acid(3.68, ?0 mmol) 
was dissolved in 500 ml of benzene and i t was refluxed with 
1,3-dlaminopropane(0.7^ gm, 10 mmol) for 4h to yield white 
c r y s t a l s . I t was kept at the room tempei-ature for 2h, f i l t e r e d , 
washed with benzene and dried in vacuo. 
The ligands were formed according to the Scheme 2. 
Synthesis of the Complexes: 
Aqueous solut ion of ligand I (0.59 g, 20 mmol) was mixed 
with 2 mmol of meta l ( I I I ) chloride dissolved in 25 ml of 1:1 
ethanol-water mixture. Since the react ion proceeds only at 
pH 6.0, i t was maintained by adding requis i te volume of 
perchlor ic acid. Ligand 11(0.81 g, 2 mmol) dissolved in 
ethanol was mixed with 2 mmol of metal chloride in the same 
solvent not exceeding 40 ml. The resultinp; mixtures were 
refluxed for 12 hr on a water bath and the volume of the 
solvent was reduced to 10 ml. I t was kept overnight when 
amorphous sol id was separated out. 
The s t a b i l i t y constant of the complexes formed in 
solut ion was determined pH-metrically at 2500 and 0.1M NaClO, 
1?1 using Irving and Rosso t t i ' s method." All the solut ions were 
prepared in carbondioxide free double d i s t i l l e d water. The 
SCHEME - 2 
H H 
I 
N 0 + H2N NH2 + 0=1 
N - H ^^^J 
0 0 
• H20 
= 0 
> 
V^ -" 
H I 
N N F O 
LIGAND I ( L ' H , ) 
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H 
0=^ N = 0 + H 2 N NH2 + 0 r r : 
H5C2 
H 
I 
N 
l f=0 
H-N 
0 
C2H5 
'C2H5 
- H 2 O 
N 
H5C2 
H5C2 
N-H H-N, 
-N 
F=0 
0 
^2H5 
C2H5 
LIGAND I I ( L " H^ 
77 
ligands were dissolved in water and metal chloride solutions 
were prepared in perchloric acid to prevent the hydrolysis 
of the metals. 
Toxic Effects: 
Cockroaches were selected for toxicity experiments 
in five sets. Ten individuals were taken in each set. They 
were fed on a diet containing the ligand/complexes in a 
concentration range between 8-12 ppm. They were kept under 
constant watch and mortality data were recorded after 96 hr. 
The LDcQ values were plotted in terms of probit (Fig. 30) 
78 
RESULTS AND DISCUSSION 
E lemen ta l a n a l y s e s ( T a b l e 9) conform t o t h e co tnpos i -
t l o n s MLX.2H2O ( w h e r e , M = l a n t h a n i d e ( l I I ) i o n s , X=C10^ when 
L = b i s - b a r b i t u r i c a c i d - 1 , 3 - d i a m i n o p r o p a n e ; and )C=C1 when 
L - b i s - 5 , 5 - d i e t h y l b a r b i t u r i c a c i d - 1 , 3 - d i a m i n o p r o p a n e ) . The 
complexes were formed a c c o r d i n g t o t h e e q u a t i o n (A) and ( B ) . 
HCIO, 
MCI, + L'H^ ~ ^ ML'CIO^ + 3HC1 . . . (A) 
MCl^ + L"H2 ^ N'L" CI + 2HC1 . . . (B) 
A l l t h e complexes a r e n o n - h y g r o s c o p i c and i n s o l u b l e i n a l l 
common s o l v e n t s . 
INFRARED SPECTRA 
IR S p e c t r a of L igands I^ I I and t h e i r Complexes: 
The b a r b i t u r i c a c i d and 5 , 5 - d i e t h y l b a r b i t u r i c a c i d 
have been r e p o r t e d t o e x h i b i t two N-H s t r e t c h i n g f r e q u e n c i e s 
i n 5100-3180 cm"'' range^®. But i n t h e p r e s e n t l i g a n d s ( I , I I ) 
hydrogen bonding (N-H N) may occu r owin,^ t o t h e p r e s e n c e 
of two a d j a c e n t e l e c t r o n e g a t i v e n i t r o g e n atoms t h e r e b y 
— 1 
l o w e r i n g V(N-H) . However, s t r o n g V ( N - H ) bands a t 2950 cm 
( l i g a n d I ) , 3025 and 3150 cm ( l i g a n d I I ) have been o b s e r v e d . 
S i n c e complexes a r e formed by t h e r e p l a c e m e n t of hydrogen a t 
p o s i t i o n 2 by t h e m e t a l , t h i s r e s u l t s i n t h e l o s s of hydrogen 
bond and s u b s e q u e n t f o r m a t i o n of m e t a l - n i t r o g e n bond. The 
b road band a t 3100 cm may be due on ly t o t h e r e m a i n i n g NH 
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group in the complexes of ligand I. One of the two bands 
due to V(N-H) in the ligand II disappears and the weak band 
arising at around 3150 cm in the complexes is ascribed to 
free •V(N-H). The replacement of proton has been confirmed by 
the estimation of chlorine in the complexes which is further 
supported by the synthesis of their dithiocarbamate which 
are formed by the substitution of N-H hydrogen. Two bands 
—1 
at 1470 and 1450 cm have been assigned to (^ (N-H) slightly 
coupled with V(C-N) in ligand I while in ligand II they are 
68 -1 
observed at 1540 and 1450 cm . There is very little 
change in these frequencies in the complexes which implies 
that they are not very much sensitive to coordination. 
A wide range has been quoted ' for v(C=N) in different 
compounds. Since 6(N-H) andV(C=N) absorb in the same region 
of spectrum, they are generally coupled and appear as a 
broad band at around I6l0 cm" . Some workers ^ have 
identified C=C/C«N stretching vibration at 1500 cm"'' in 
similar molecules. However, a broad band at 1510-1620 cm 
range assigned to V(C=N) in the Schiff base has been shown to 
be shifted to higher frequency (1630-1650 cm ) on complex 
130 —1 
formation. In the present studies, the •V(C=N) at 1585 cm 
_ -1 
(Ligand I) and 1650 cm (Ligand II) have been observed to be 
shifted to higher frequency region (Table 10) on chelation 
which is probably due to the drainage of electron towards the 
coordinated nitrogen from the neighbouring atoms. Consistent 
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appearance of V(C=0) at 1690 cm in both the ligands and 
their complexes indicates its non-involvement in coordination. 
The -VCC-H) due to ethyl group at ^900 cm ' in the ligand TI 
persists throughout. Ttie above results suggest the chelation 
of the metals through the nitrogen atoms (Fig,2?) only. A new 
broad weak band at around 3^50 cm observed in each chelate 
has been ascribed to >/(0-H) of coordinated water molecules. 
Since the complexes of ligand I were synthesized in 
presence of HCLO,, their IR spectra showed an ill resolved 
— 1 band at 1070 cm indicating the presence of t.etrahedral 
perchlorate ion. The higher energy bands corresponding to 
N)i mode of perchlorate are not clearly observed and hence its 
nature may not be ascertained. However, any splitting of 
1 Uf\ these bands may be owing to crystal field effect. Moreover, 
molar conductance could not be measured due to their insolu-
bility which would have supported the nature of perchlorate 
ion. 
Electronic Spectra: 
The electronic spectra of the complexes of Pr(IIl), 
Nd(IIl) and Er(lll) have been recorded in the solid state. 
The intraligand bands occuring in the UV-region are quite 
comparable with those reported by Robinson -^  and has not 
been discussed. The electronic spectra of the complexes show 
a shift in the f-f bands towards lower energy as compered to 
Sfi 
117 148 those of the respective aquo ions ' which is known as 
1 ^S 
nephelauxetic effect. The nephelauxetic parameter ' (1-i3), 
149/ \ l/'^  4Q 
bonding parameter (3)i b ' and Sinha's covalency parameter 
(6) for the complexes of Pr(IIl), Nd(lTl) and Er(lll) have 
been calculated. The nephelauxetic parameter is less than 
l/2 
unity and b and 6 values (Table 11) are positive suggesting 
l/? 
covalent bonding between the metals and ligands. The b 
and 6 values have the order Pr > Nd > Er which reveals that 
covalency decreases as the atomic number of the metal increases 
which is again supported by pH-metric study. From the shape 
4 4 2 
of hypersensitive IQ/2 ^ '^5/^' ^7/2 "transition for 
Nd(IIl), a coordination * number of seven may be assigned 
to complexes. The following structures (Fig. 27) may be 
proposed for the complexes based on the above results. 
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Magnetic Moment: 
The c a l c u l a t e d magnetic moments(Table 11) a re very 
1 ^7 
c lose to those of Van Vleck values '^' i n d i c a t i n g t h a t the 
f - e l e c t r o n s do no t p a r t i c i p a t e in bond formation. 
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pH-Metrlc Study 
The metal(III) chloride solutions were prepared in 
perchloric acid to prevent the hydrolysis. The experiment 
121 
was carried out by well known Irving and Rossotti's method 
at 0.IM(NaClO^) ionic strength at 25°, 30* and 35°C. The 
following solutions were titrated against 0.2128 M sodium 
hydroxide solution: 
(i) 5 ml HCIO^ (0.1 M) 
(ii) 5 ml HCIO^ (0.1 M) and 25 ml of ligand solution 
(iii) 25 ml (0.005 M) of ligand solution and 5 ml HCIO^ 
containing 0.005 M metal(IIl) chloride solution. 
In order to maintain the ionic strength at 0.1M a 
known volume of sodium perx;hlorate solution was added to the 
above mixtures. However, the total volume of the above 
solutions was kept at 50 ml by adding carbondioxide free 
double distilled water. 
Proton-Ligand Stability Constants 
The acid-ligand curve deviates from the pure acid 
curve at pH=4. 0 (Fig. 28) and hence the calculation was made 
from this pH onward. For the calculation of proton-ligand 
formation number (H.), and proton-ligand stability constant 
(pK^ ) the following equations were employed. 
nj^ « Y - [ ^ ! } ... (1) 
8'd 
(V2 - V^) (No •>• E Q ) 
v.o - •^) T^ 
vrtiere, 
Vo = fixed volume of 50 ml 
V^ » volume of NaOH consumed in titrating pure acid 
Vp « volume of NaOH consumed in titrating acid+ligand 
No = concentration of NaOH 
Eo = concentration of acid 
Y •= number of dissociable protons 
T^  = concentration of ligand solution 
PK!J «.pH + log [ — ^ } ... (2) 
when, 
1.0 < n^ < 2.0 
pK^ = pH + log [ ^ _ ] ... (3) 
when, 
n^ < 1.0 
no 
The divergence of acid-ligand t i t r a t i o n curve from that of 
the pure acid (Fig,28) indicates the dissocia t ion of protons 
while the n. corresponds to the number of dissociable protons. 
When the proton-ligand formation number i s l e s s uni ty(n . < 1.0), 
i t indicates one dissociable proton and when 1,0 < n . < 2,0, 
i t corresponds to two dissociable protons. In the present 
l igands the n. value(l.9A) corresponds to two dissociable 
protons, 
Metal-Ligand S t a b i l i t y Constants 
Stepwise calculations of s t a b i l i t y constants were made 
with the assumption that the hydrolysis of the metal ions did 
not occur and the formation of polymerisation species was 
prevented. The metal-ligand t i t r a t i o n curve deviates from the 
ligand-curve a t pH « 4.0. The metal-ligand formation number(n) 
and free ligand exponent (PL) were calculated from the equations 
(4) and (5) respect ive ly . 
(V, - Vp) (No + Eo) 
n = —2 £_« . . . (4) 
(Vc ^ V2)n^.T^ 
where, 
V, = volume of NaOH consumed in t i t r a t i n g acid + 
ligand + metal solut ion. 
Ty. = concentration of metal solut ion. 
ant i log 3^ . r - r r r H (Vo+ V,) 
PL = log 10 r —^ ^"^^^'^fi P ^ ] . . . ( 5 ) 
(Tj^ - n.Tj^,).V„ 
12 
ni 
'^——A: Pure acid curve 
X 'X: Acid-ligand curve 
0 0: Metal-ligand curve 
Volumes of NaOH 
FiR. ?a 
0'/ 
Since the ine ta l - l igand f o m a t i o n number(n) was below 
u n i t y , i t sugges ts t h e formation of 1:1 complexes and hence 
only log K^, was computed usinf: the e q u a t i o n ( 6 ) . 
Log K. = PL + log ^ 
^ 1 - n 
(6) 
The stability constants(Table 12) calculated follow 
the order La <Ce < Pr < Nd < Dy < Ho < Er. Increase in log K 
with increasing atomic number of the rare-earth is a consequence 
of the decrease in ionic size of the metals. Besides, it has 
been observed that greater the charge to size ratio of the 
metals greater is the stability of the complexes, A plot of 
e /r versus log K shows a roughly linear relationship(Fig.29) 
suggesting an ionic character for the metal nitrogen bond in 
solution while the solid complexes appear to be covalent. 
The values of Gibb's free energy(-^G) (Table 12) were 
calculated using the equation ---^ G = RT InK. The ^ -^G value 
is more negative at P.^^'C than that at 30 or 35°C which indicates 
its inverse ratio to temperature. The negative values of AG 
further also shows that the formation of the complexes is 
energetically favourable. 
Toxic effect 
A comparative insecticidal activity of the ligands and 
their complexes has been made. The experimental results conclude 
that the complexes are more toxic than the free ligands. 
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CHAPTER - VI 
SYNTHESIS AND CHARACTERIZATION 
OF LANTHANIDE CHELATES WITH METAL CONTAINING LIGANDS 
SYNTHESIS AND CHARACTERIZATION OF LANTHANIDE CHELATES WITH METAL 
CONTAINING LIGANDS 
EXPERIMENTAL 
1 , 3 - d i a m i n o p r o p a n e (Koch L i g h t ) , s a l i c y l a l d e h y d e 
( S a r a b h a i ) , c o p p e r ( I l ) c h l o r i d e , z i n c ( l l ) c h l o r i c l e ( E . M e r c k ) , 
r a r e e a r t h ( I I l ) c h l o r i d e s (May & Baker) were used as 
s u p p l i e d . The s o l v e n t s were p u r i f i e d by c o n v e n t i o n a l methods . 
The IR s p e c t r a were r e c o r d e d on a Mat t son P o l a r i s e FT-IR model 
as KBr d i s c . The HNMR s p e c t r a were run i n d e u t e r a t e d WSO 
w i t h V a r i a n A-60D model . E l e c t r o n i c s p e c t r a were scanned in 
CMF wi th Shimad2u-160 model . The c o n d u c t i v i t y measurements 
were made w i t h an E l i c o c o n d u c t i v i t y b r i d g e t y p e CM-82T. 
S y n t h e s i s of t h e L i g a n d s ; 
The s y n t h e s i s of t h e L igands was accompl i shed i n two 
s e t s . 
a ) S y n t h e s i s of b i s - ( 1 , 3 - d i a m i n o p r o p a n e ) C o p o e r ( I I } c h l o r i d e 
o r z l n c ( I l ) c h l o r i d e : 
To an e t h a n o l i c s o l u t i o n of c o p p e r ( I l ) c h l o r i d e ( 1 7 . 0 gm, 
0 . 1 m o l ) , 1 , 3 - d i a m i n o p r o p a n e ( 1^. 3 gm, 0 .2 mol) was s lov/ ly 
added . The r e s u l t i n g m i x t u r e was r e f l u x e d f o r h a l f an hour 
and l e f t o v e r n i g h t a t room t e m o e r a t u r e when b l u e c r y s t a l s of 
99 
bis-(1,3-cllaminopropane) copper(I l) chloride were obtained. 
They were col lected and dried in vacuo. 
Bis-(1,3-diaminopropane) zinc(IT) chloride was also 
sjmthesised in the manner described above. 
(t)) Synthesis of t e t r ak i s - ( sa l i cy la ldehyde) -b i s - ( 1,3-diamino-
propane)-copper ( I I ) chloride or z inc ( I l ) chloride; 
Salicylaldehyde(4. gm, 0.0^ mol) was added to b i s -
(1,3-diaminopropane) copper(I l ) chlor ide(? .8 gm, 0.01 mol). 
This mixture was kept at room temperature for ^2 hr when dark 
green needle shaped c rys ta l s of t e t rak is ( sa l icy la ldehyde) b i s -
(1,3-diaminopropane) copper( l l ) chloride(L'H, ) were separated 
out. They were isola ted and dried in a desiccator . 
Tetrakis(sal icylaldehyde) bis-(1,3-diaminopropane) 
z inc( I I ) chloride(L" H,) was synthesised by heating a mixture 
of bis-(l ,3-diaminopropane) z i n c ( I l ) chloride(2.8A gm, 0.01 mol) 
in 100 ml alcohol with sal icylaldehyde(4.9 gm, 0.04 mol) upto 
75*C. I t was kept in a freezer for 2k hr when t e t r a k i s -
(salicylaldehyde) bis-(1,3-diaminopropane) z i n c ( l l ) chloride 
was obtained as yellow amorphous sol id. I t was f i l t e r ed and 
dried in a desiccator . 
The ligands were formed according to the scheme 3. 
SCHEME 3 
10 
Cu ( I I ) CI2 -t- 2 
NH2 NH2 
H 
Q—N N—C . ' . (^ IN 1^ V- ^ \ 
M 2 C I ' 
(oVo-H/\i.-°-(o) 
^ ^— C-N Nizr. !^i / 
H 
N=C 
I 
H 
? + 
where , M = Cu" or 211*^ ^ 
Synthes i s of t he Complexes: 
The copper(0 ,3^9 gm, 0.0005 mol) or z i n c - c o n t a i n i n g 
l i gand (0.350 gm, 0.0005 m-ol) d i s so lved in 2^ ml of alcohol 
was ref luxed with l a n t h a n i d e ( T i l ) ch lo r ide in the same 
so lven t when amorphous complex was obta ined. I t was kept 
ove rn igh t , f i l t e r e d and dr ied in a d e s i c c a t o r . 
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RESULTS ANE DISCUSSION 
The ligands act as tetradentate chelating agents 
and thus each ligand has been found to coordinate with two 
metal ions. The analytical data(Table 1^*) of the complexes 
correspond to the composition LnL.Ln Clp,6HpO, where, Ln = 
lanthanide(IIl) ion and LH, = copper - or zinc - containing 
— 1 ? —1 ligand. The calculated molar conductance (75-*30 ohm cm moL ) 
of one millimolar solutions of the complexes in DMF indicates 
them to be ionic in nature. 
H^ NMR Spectra; 
The behaviour of phenolic proton in the present case 
122 
resembles with that of an alcoholic proton. In alcohols 
the OH proton signal appears in (52.0 — 5.3 ppm range. In 
phenol, the situation is rather different as the OH proton 
is under the influence of electron withdrawing aromatic ring. 
Thus phenolic proton gives downfielc signal(6'!4. 0 — y.O ppm). 
On the other hand in the presence of carbonyl group at the 
ortho position, the phenolic proton signal shifts to 610.0 — 
12,0 ppm range because of the formation of intramolecular 
hydrogen bonding which reduces electron density on the 
phenolic proton. In the present case the phenolic OH group 
may not fonr a very strong hydrogen bond (O-H •» ) as 
reported in the case of 0-hydroxyacetophenone. The proton 
iiignal at 69.8 — 9.9 ppm has oeen assigned to r>henolic OH 
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proton due relatively to weak hydrogen bonding. Obviously, 
there is no such signal in the chelates due to the replacement 
of this proton by lanthanide(TTI) ion leading to the fornation 
of metal-oxygen bond. The methylene and phenyl oroton signals 
have been noted in (^ 1.0 — 3.8 pnm and 66.5 — 3.3 ppra range 
respectively. Since the environment around them remains the 
same, these signals remain almost unaltered. 
IR Spectra of the Ligands and their Complexes: 
The free V(o-H) in phenol and salicylaldehyde normally 
12 5 —1 
appears at 3600 cm . It undergoes a negative shift if 
intramolecular or intermolecular hydrogen bonding occurs. ]n 
1?7 —1 
some cases it ranges from 3200 to 3500 cm . Extensive 
— 1 hydrogen bonding may cause this shiftinr to as low as 2950 cm 
as observed in the present case (Fig.31). 
— 1 The 0-H deformation band appears around 1300 cm which 
is often influenced by hydrogen bond formation. In our case 
the ligand is deprotonated and hence V(O-H) and ^(0-H) are 
vanished. However, the lanthanide chelates contain a water 
molecule also, a broad band at 3'^ 00 cm has been noted in 
each case corresponding to 0-H stretching frequency of 
coordinated water molecule. The range of C-o stretching 
frequency is not very wide probably because it is insensitive 
1 50 to coordination in most of the cases. ^ In presence of a 
bridging C-O group, a positive shift inV(C-O) may be observed. 151 
Since there is no bridging in this case, V(C-O) has been 
found to be more or less constant(Table 15). It is very 
significant to note that the nitrogen atom of the ligand 
containing Cu(Il) ion is already coordinated and the lone 
pair of electron is not available for further bond formation. 
The HC=N stretching frequency therefore has a very sharp band 
at 1624 cm (Fig, 31) which hardly undergoes -^  any negative 
shift. This rules out further coordination of azomethine 
nitrogen atom to lanthanide ions for two reasons -
(i) because of non-availability of lone pair electrons and 
(ii)the large distance from the metal to nitrogen atom. The 
C-C stretching frequency also remains unchanged and does not 
play any important role. 
Based on the above results the following structure 
(Fig.32) may be proposed for the complexes. 
Fig.32 
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Electronic Spectra: 
The electronic spectrum of l lgand containing Cu(ll) ion 
2 2 
shows d-d t r a n s i t i o n at 12,26 kK assigned to Tp_ < E 
suggesting a square planar configuration for Cu(II) in the 
l lgand. The sharp band at 27.02 kK may be due to charge 
t rans fe r and i t s assignment could not be made. 
The sharp l i n e - l i k e in ternal f-f t r ans i t i ons or iginat ing 
within f^'^  configuration of l an than ide( I I I ) ions are Influenced 
by the llgand on complexation. The absorption spectra (Fig.33) 
3 4 
of lanthanide complexes a r i se from the ground level U, and Iq/p 
of P r ( l l l ) and Nd(IIl) respect ively to the excited J - levels 
(Table 16). The absorption bands show a red sh i f t as compared 
to the spectra of the corresponding aquo ions and thus exhibit 
135 the nephelauxetlc effect. The nephelauxetic r a t i o i s a 
measure of covalency of a metal-l igand bond which is caused 
^ ' n I ^comp / ^ a q 
by a-decrease In Interelectronic repulsion parameter in the 
l/2 
complexes. The positive values of b and 6 indicate metal-
ligand bond to be covalent. 
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